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ABSTRACT

This paper describes simplified mathematical models of
thes Space Transportation System (STS) Reaction Control Sys-

tem (RCS) and Digital Autopilot (DAP) used in the USAFA
Proximity Operations Simulator for the VAX 11/780 and the
Evans and Sutherland PS 300 computers. Included in the

*modeling are propellant expenditures for translational
maneuvers, rotational maneuvers, and attitude maintenance
and on-orbit trajectory deviations induced by RCS cross cou-

pling. This simulator serves as a learning aid for cadets
studying orbital dynamics and STS mission planning and as a
research platform for the Department of Astronautics.
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1. INTRODUCTION

The Space Transportation System (STS) Proximity Opera-
ticns Simulator ip a nine degrees-of-freedom trajectory
integrator (six degrees of freedom for the STS and three
degrees of freedom for the target) which generates digital
and graphical data to describe and record relative motion of
the STS Orbiter and a free-flying payload. This motion is
obtained by applying the Clohessy-Wiltshire equations for
terminal rendezvous/docking with the earth modeled as a uni-
form sphere (Appendix B) and aerodynamic forces ignored.
STS position relative to target is computed by a first-order
Euler integrator which uses quaternions to define the rota-
tional state (Appendix C).

The payload is modeled as a spinning Communications
satellite. The Orbiter is treated as a rigid body whose
mass properties (gross weight, moments and products of iner-
tia. and center of gravity location) are set by Program
THRUSTERS and automatically read in at the beginning of the
simulation. These properties remain constant for the entire
simulation.

The initial state of the simulation is defined by the
user. The program requires altitude and inclination of tar- -:-

get orbit to determine proper viewing perspective and orbi-
ta. dynamics. The user must also input Orbiter position
relative to payload. The program sets relative velocity and
rotation rates to zero and defines initial Orbiter attitude

such that the payload bay faces the tarqet with the Orbiter 7

nose pointed away from the earth. The user also has the
option of multiplying shuttle responsiveness to facilitate
proximity operations training. Digital Autopilot (DAP)
parameters are predefined and cannot be changed by the user.

After program initialization, user inputs are made
through the hand controllers and DAP panel located in the
Shuttle Aft Flight Deck Mockup. The left controller is the
Translational Hand Controller (THC) and is used for posi-

tioning. The right hand controller is the Rotational Hand
Controller (RHC) and controls Orbiter attitude. Cross-
coupling accelerations are fully modeled in the simulation.
The program reads inputs from the mockup and updates posi-
tion and attitude every 40 milliseconds and monitors fuel "- -

expended from each tank. Every ten seconds Orbiter position
is written to data file STS.TRK should the user wish to view
his flightpath at the completion of the simulation using
Program STSPATH._. !

1 . . ,
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2. RCS ACCELERATION MODELING

(This chapter is taken largely from chapters 3 & 4 of
Reference 1)

Table 1 contains the data used by program THRUSTERS to
compute forces and torques produced by individual RCS jets
(with plume impingement). The left column contains array
index numbers used for thruster identification. The second
column contains jet identification mnemonics (not used in
actual program). The next three columns contain thrust com-
ponents in Orbiter body axes. These are followed by three
columns containing station coordinates of thrust application
point. These coordinates are used in conjunction with the
last column to calculate torque about the Orbiter CG.

For a CG location defined by arbitrary stetion coordi-
nates (STAcg, BLcg, WLg) , the torque produced by a partic-cg cg cg
ular jet is computed from the equation

I = X J + C j 
1

where

fFX

F. :IFy (2)j j:::

F.

'-(STA. - STAI cg
1 (BL. - BL )/12 (3)

j - cg

j cg

and where the values of xj, Fyj, Fzj, STA., BL, WLj, and

C. are obtained from columns 3-q of Table 1.

2
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Table 1. RCS Thruster Data (with plume impingement)

THRUSTERI x Fy Fz STA BL WL .C
NO. ID (LB) (LB) (L) (IN) (IN) (IN) (FT)
1 F2F -879.4 -26.2 119.9 306.72 14.65 392.96 0.0000

3 FIF -879.4 26.2 119.9 306.72 -14.65 392.96 0.0000

4FL -26.3 873.6 18.2 362.67 -69.50 373.73 0.0000"
5 M -21.0 870.3 0.5 364.71 -71.65 359.25 0.0000 1
6 F2R -26.3 -873.6 18.2 362.67 F 69.50 373.73 0.0000
7 F4R -21.0 -870.3 0. 364.71 71.65 359.25 0.0000
A F2U -32.3 -11.7 874.4 350.93 14.39 413.46 0.0000F

19 F3U -310.92 0 000 414.93 0.00001 0 FlU -32.3 11.7 874.4 350.93! -14.30 413.46 0.0000 .
11 F2D -28.0 -616.4 -639.5 333.4 61.42 356.95 0.0000

12 FID -28.0 616.4 -639.5 333.R4 -61.42 356.95 0.0000
13 F4D -24.A -612.6 -639.4 34R.44 66.23 358.44 0.0000
14 F3D -24.8 612.6 -639.4 348.44 -66.23 358.44 0.0000
15 R3A 856.8 0.0 151.1 1555.29 137.00 473.06 0.0000
16 RLIA 856.8 0.0 151.1 1555. 29 124.00 473.06 0.0000

I17 L3A 856.8 0.0 151.1 1555.29 -137.00 473.06 -0.0000
18 LiA 856.8 0.0 151.1 1555.29 -124.00 473.06 0.0000,
19 L4L 0.0 870.5 -A.4 I16.06 -149.R3 455.21 -0.5987
20 'L2L 0.0 870.5 -8.4 1529.07 -149.A3 455.21 -0.6061
21 L3L 0.0 870.5 -8.4 1542.07 -149.Q3 455.21 !-0.6235
22 iLF 0.0 870.5 -8.4 1555.07 -149.R3 455.21 -0.6410
23 R4R 0.0 -870.5 -8.4 1516.06 1.49.93 455.21 0.5887
24 FR2R 0.0 -870.5 -8.4 1529.07 149.R3 455.21 . 0.6061 . . .
25 R3R 0.0 -870.5 -8.4 1542.07 149.R3 455.21 0.6235
26 RIR 0.0 -870.5 -8.4 1555.07 149.R3 455.21 0.A410
27 L4U 29.0 72.0 870.0 1520.04 -116.51 481.65 -0.4615
28 L2U 29.0 72.0 870.0 1532.Q6 -116.54 4R1.65 -0.3725
29 LIU 29.0 72.0 870.0 1545.87 -116.S8 481.65 -0.2836
30 R4U 29.0 -72.0 870.0 1520.04 116.51 491.65 0.4615
31 R2U 29.0 -72.0 870.0 1532.96 116.54 481.65 0.3725
32 )R1U 29.0 -72.0 870.0 1545.87 116.58 481.65 0.2936
33 L4D 312.4 346.8 -545.7 1498.11 -101.47 420.49 1.7413
34 :L2D 312.4 346.8 -545.7 1513.68 -100.61 424.63 1.4IR07
35 L3D 312.4 346.R -545.7 1524.23 -99.79 428.7r 1.2208
36 R4D 312.4 -346.8 -545.7 1498.11 101.47 420.49 -1.7413
37 R2D 312.4 -346.9 -54S.7 1513.68 1 100.61 424.63 i-1.4807
38 R3D 312.4 -346.8 -545.7 1529.23 99.79 428.76 --1.2208
39 F5R -0.8 -17.0 -17.6 324.35 59.70 350.12 0.0000
40 -F5L -0.8 17.0 -17.6 324.35 -59.70 350.12 0.0000 -
41 R5R 0.0 -24.0 -0.6 1565.00 149.R7 459.00 0.0000

42 L5L 0.0 24.0 -0.6 1565.00 -149.87 459.00 0.0000
43 IR5D 0.0 0.0 -24.0 1565.00 118.00 455.44 0.0000
44 L5D 0.0 0.0 -24.0 1565.00 -11A.00 455.44 0.0000

(Reproduced from Reference I

3



Table 2. Typical Orbiter Mass Properties

DESCRIPTION .VALUE

WEIGHT............................ 200017.0 LB
Ixx............................... RA87302.0 SLUG-FT 2  -

IZZ...............................6693867.0 SLUG-FT 2
Iz................................ ...937.0 SLUG-FT2

Izx............................... 247376.0 SLUG-FT2

Ixy................................ .. 562.2.0 SLUG-FT2

CG STA.......................... 1095.3 IN --

CG B .. ... .... ... ... ... 0.3 IN

CG L ................. 377.4 IN
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program THRUSTERS computes steady-state accelerations
and propellant consumption rates for each of the 44 RCS
thrusters and writes this information to data file
RESPONSES. The user may specify a set of Orbiter mass pro-
perties or use the preprogrammed properties from Table 2.

Table 3 shows the RESPONSES data file for the properties
listed in Table 2. Each row corresponds to a particular RCS
thruster. The first three columns contain the body axis
components of the steady-state linear acceleration vector,
and columns 4-6 contain the corresponding components of
angular acceleration. Columns 7-9 contain rates of propel-
lant flow from the forward, aft left, and aft right tanks
respectively.

*4 Linear accelerations for each thruster are calculated by
the equation

rx)1
a. (32.174/W) Fy 4

I I• . •

where W is the Orbiter gross weight and F x Fyj, and F.j
represent the thrust components (from Table 1). The
corresponding angular accelerations are given by

t r n T w (5)

where

dI

Cj (6)ThEfr
iEec

• °..t . .-th u t r. T e f rs-h ee c l ms.o t in t e b dy a i



rL~

L x -i- (7)

xx xy zx.

-Iyz  (8)

L yz z"

and where Lj represents the individual torque vectors pro-

duced by the designated thruster as calculated from Equa-
tions (1) through (3). The [I] matrix represents the
Orbiter's moments of inertia.

Propellant flow rates (columns 7-9 of Table 3) are
assumed to be 3.1071 lb/sec for each active primary jet and
0.0923 lb/sec for each active vernier jet. These rates are
based on the nominal vacuum thrust magnitudes (870 lb and 24
1b) and specific impulses (210 sec and 260 sec) that are
given in Reference 2. Each thruster is always assumed to be
fed from its nominal source (tank) with no provisions for
simulating propellant crossfeed.

-.
*.* . .°
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3. RCS THRUSTER FIRING SELECTION

(This chapter is taken largely from chapter 4 of Refer-
ence 1)

Each iteration the program must determine which thrus-
ters are to be fired for attitude and/or translational con-
trol. Rotation Hand Controller (RHC), Translation Hand Con-
troller (THC), and Digital Auto Pilot (DAP) inputs are read
from the shuttle mockup every 40 milliseconds and applied to
one of four available firing options as commanded by the
DAP. The available options are designated V (vernier jets),
P (primary jets), PZI (primary jets with +Z thrusters inhi-
bited), and HIGH Z (primary jets with additional +Z thrus-
ters). Corresponding to each of these options is a jet-
select table (Tables 4-7) which identifies the particular
jet or combination of jets that is to be fired in response
to each of the six possible translation acceleration com-
mands (+X, -X, +Y, -Y, +Z, -Z) and the six possible rota-
tional commands (+ROL, -ROL, +PCH, -PCH, +YAW, -YAW). These
jet-select tables are read from the RESPONSES data file and
stored in array JET. Jets are identified by the mnemonics
listed in the second column of Table 1.

As indicated in Table 4 by the absence of any jet desig-
nations for the execution of translational acceleration com-
mands, the V option can be used only for attitude control.
The other three options can be used for translational and/or
rotational control.

In the PZI option, no jets are fired that would expel
propellant directly upward with respect to the Orbiter body.
Translational acceleration in the downward direction, if
commanded, is achieved (at a comparatively high propellant
cost) by firing the +X and -X thrusters simultaneously. The
cant angles of the +X jet and -X jet thrust lines produce a
small net acceleration in the +Z (downward) direction. This
option normally is used only when the Orbiter is maneuvering
in the near vicinity of a payload that must be protected
from jet plume impingement.

The digital auto pilot controls the attitude and trans-
lation of the Orbiter for both automatic and manned
maneuvers by specifying the appropriate commands to the pri-
mary and vernier reaction control system (PRCS/VRCS) jets.
The crew uses the DAP panel (Figure 1) to exercise vehicle
control. The DAP panel consists of hardware pushbuttons

8
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that allow the crew to select the translation DAP
auto/manual control operations sequence; to determine
whether A or B DAP configuration values will be used with
auto/manual control; to select translational control; and to
determine if primary or vernier jets will be commanded to
fire. Appendix A contains a detailed description of the
functions of the DAP control panel.

The precalculated acceleration and propellant consump-
tion information for each thruster in the RESPONSES data -

file is read at the beginning of the program and stored in
array JETSEL. Once the program has determined which thrus-
ters are to be fired, the elements of the rows in JETSEL
(Table 3) corresponding to those thrusters are summed. This
yields net vectors for translational and rotational
acceleration as well as propellant loss rate from each tank.
The elements corresponding to acceleraton in array JETSEL
are not recomputed to account for propellant loss during the
simulation.

:. , .-. '.-

,..'. ..
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Table 4. Vernier (V) Jet Select Table

..... THRUSTERS -O BE FIRED

-x-----------------
1 . 1 ° .

2 3 4 6 7 a8 9

-YZ

-ROL R5D I-'-'-

+PCH FSR F5L "
-pCH LSD R5D
+YAW R5R 7?
-YAW L5L .. .

.10

J.

-. -. .

-V'q

A'. o

4 " .

A'.a

71:-n i " '"
no -.- ?.
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Table 6. Primary with +Z Thrusters Inhibited (PZI)
Jet Select Table

CMDTHRUSTERS TO BE FIRED

+X RlA LIA 3 }6 7 8
-x F2F F1F
+Y FlL L4L I
-Y F2R R4R~
+Z F2F F1F RIA LiAI
-z FLD F2D L4D L2D R4D R2D'

+ROL L4DI
-ROL:R4DC

+PCH FlD F2D
LCH 1 L4D R4Dt

1+YAW FiL R4R
I YA"W' F2R L41,

12
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Table 7. Primary with Additional +Z Thrusters
(HIGH Z) Jet Select Table

CD THRUSTERS TO BE FIRED

1 2 3}4 [5f6 7 r 9

+X RIA LIAI
x F2PF j

+Y FiL 1,41,
-Y P2R R4R
+Z F2U F3U FlU L4U L2U LlU R4U R2U R1U

-Z Pi FD L4D L2D R4D R2D

-ROL IL4U R4D
+PCH FlD F2D L4U R4U
-PCH F3U L4D R4
!+YAW IFlL R4R

I-YAW JF2R L4L1,-

13
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4. DETERMINING POSITION AND ATTITUDE

The Orbiter translational accelerations, once computed,

are added to the orbital drift accelerations. These
accelerations are then integrated twice to yield velocity
and position. Attitude is determined by applyinq rotational
accelerations to the present quaternions.

The Clohessy-Wiltshire equations for terminal
rendezvous/dockinq are used to model orbital drift. These
are linearized equations of motion for an interceptor vehi-
cle relative to a target vehicle in a circular orbit with
Keplarian motion.

x=f " -2iy (9)

2
f +3uy +2ulx (10) .

z

where f ', f ', and f are the Orbiter translational

acceleration components (due to thrust), and wu is the rota-
tion rate of the target about the planet.

The target frame is a right handed orthogonal system

where x is the direction of target velocitv, y is the zenith
direction (along target radius vector), and z is out of

orbital plane (opposite the anoular momentum vector). For
further explanation and derivation of Equations c-ll refer
to Appendix B.

The translational accelerations due to drift and thrust
are summed in Subroutine THRUST and then integrated in Sub-
routine LINTEG. LINTEG is a first order Euler integrator
which was chosen for fast computational speed (needed in
real time simulation) in light of the fact that accelera-
tions, and hence error, will be small.

The rotational accelerations are transformed from the
body frame to the reference (tarapt) frame by Subroutine
BTOR. These accelerations are then used by Subroutine
ROTATE to determine a new attitude quaternion and transfor-
mation matrix. The equations used in Subroutine ROTATE are

included in Appendix r.

14

.. .. .. . ........ ,.. .. .... ..-........ ..... ...... .. ..



-~~6. 
I . - -

5. GENERATION OF VISUAL DISPLAY

*.'.°.,

The simulator uses an Evans and Sutherland PS300 com-
puter for visual display. Three dimensional object data are
loaded and stored in the mass memory of the PS300 at the
beginning of the program. These data are then rotated,
translated, and displayed repeatedly as commanded by the
main program from the VAX 11/780.

Subroutine PS300 is responsible for loading the object
data, known as vector lists, and providing a hierarchy of
rotation, translation and viewing commands for later input .
by Subroutine LOOK. The vector lists consist of a spherical
outline of the earth's continents, a star sphere, a circular
horizon, target satellite, and heads-up display imagery.
The reference coordinate system is the Clohessy-Wiltshire
system, centered at the target and described in detail in
Appendix B.

The earth's vector list is scaled at one distance unit
(DU) and rotated about its axis at the rate of 15 degrees
per hour. The earth is then inclined and counter-rotated a --
rate equivalent to the angular rate of the target or-bit.
Finally, it is translated in the -Y direction an amount
equal to its radius plus target altitude. To complete the
earth picture a horizon circle is added and the earth vector
list is clipped to prevent viewing beyond the horizon.

The star vector list is triplicated and rotated 10
degrees about each axis to create a unit sphere of stars.
This representation does not reflect true star positions.
The sphere is scaled up by a factor of one earth radius plus
twice target altitude and set counter-rotating (as was the
earth). The star spheze is then translated in the -Y direc-
tion an amount equal to one DU plus target a'_titude and
clipped so no stars appear below the horizon.

The target vector list is scaled, placed at the center
of the reference coordinate system, and rotated at fifty
degrees per minute to give the effect of a spinning satel-
lite. It is not clipped and remains at the origin
throughout the simulation.

Heads-up display information includes on screen printout
of range, range rate, fuel used, and elapsed time in the
upper left hand corner. The upper right hand corner gives
an X-Y plane view of the shuttle and predicted future posi-
tion in five minute increments. The increment markers

• . °* . .> .,.[. ... :..,..° .... ,. . . ... .. .. .. .._ . . . . . . ,. . . . . . . . . ., .
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appear as small diamonds originating from the shuttle
silhouette. Affixed to the target are radius, velocity, and
out-of-plane arrows to facilitate quadrant determination. A
fixed reticle is also displayed to help the operator judge
target drift.

Subroutine LOOK uses shuttle position and attitude data
relative to the target to continuously update rotation,
translation, and viewing of all the predefined vector lists.
Current position and attitude are used to generate three
viewing vectors in the reference (target) frame: AT, FROM,
and UP. AT is the line of sight vector, FROM is the posi-
tion vector and UP is the overhead vector (perpendicalur to
AT). The Evans and Sutherland PS300 uses these viewing vec-
tors to scale, translate, and re-orient the stored images
for perspective viewing. Figure 1 shows the relationship of
the stored images to each other and how they are viewed
given AT, FROM and UP vectors.

-.- .

. . . . . . . . . .. . . . . . . . . . . . .-... 'o
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APPENDIX A

(This appendix was taken largely from Reference 3)

ORBITAL DAP LO
- LECT CNTIOL R-- -- ICS JETS -- I

wig.

, rMANUAL MODE
r---TRANSLATION----- , r- ROTATION '

X , I ROLL PITCH4 YAW

.[ -!j W -[lllil W

Figure 2. Panel C3: Orbital DAP Panel

AUTO/MAN Selection
AFO K Shuttle automatically flies directly to target.
AUTO B - Shuttle flies Clohessy-Wiltshire approach to

40 feet in front/behind and then stationkeeps.
MAN - Allows user to fly shuttle manually.

A-1I



LVLH -With DISC RATE selected in all three axes and with
=eWLVLH mode selected, the attitude that existed at the

time of selection of LVLH will be held fixed within the LVLH
frame until changed by use of the RHC. The RHC can be used
with LVLH selected to change LVLH attitude. When the RHC
returns to detent, the LVLH attitude begins to be held fixed
again. This mode would be used manually for precise PROX OPS
attitude control in the near vicinity of a payload.

NORM VERN JET SELECT - Primary RCS (PRCS or NORM) and ver-

-. 9--- _____-.___-__

nier RKCS (RS or VERN) jets can be used for attitude hold
* and maneuvers. NORM jets must be selected for translation

maneuvers. With primaries selected, there is a choice of
jets as shown in Tables S-7.

Translation Submodes (NORM Jets Required

PULSE X, Y, or Z - With this submode selected, each
deflection of the THC will result in a change in velo-
city of the magnitude prespecified in the program. (DAP
A yields .05 feet per second, DAP B yields .01 feet per
second).

NORa 4 X, Y, Z -With one of these submodes selected, .

continuous acceleration will occur at whatever level is
available with the commanded jets for the axis and
direction (+ or -) of the THC deflection.

HIGH Z - An ACCEL submode that is available for +Z
translation only. Selection of this submode fires more
jets than are fired for the NORM +Z command (Table 7).

LOW Z - ,LOW Z is a submode that takes advantage of some
+Z thrust components that exist for both the +X and -X
translation jets (Table 6). To get the + translation,
the +X and -X translational jets are fired simultane-

iously so that the jets nearly cancel the X components
of each other and combine the small Z components. The
result is a small +Z velocity change. This mode was
added because it provides translation away from a
deployed payload without firing thrusters in the direc-
tion of the payload (thus minimizing plume impingement)
as would the other +Z translation submodes. LOW Z
translations also affect pitch and roll, since only
downfiring jets are used. This results in significant
-Z translational cross-coupling, but reduces the duty
cycle for attitude maintenance.

A-2

adde beauseit rovies ransatin awy fom4

deplyed aylod wihoutfirig thustes i th die- .-



O .... o1

Manual Rotational Submodes
- DISTE Rb--R -MCH, or YAW- When the DAP mode is

manual, the submode is DISC RATE and the RHC is
deflected out of the detent in an axis, jets are fired
until an angular rate is achieved in that axis equal to
the preprogrammed rate (DAP A yields .000873 radians
per second, DAP B yields .000175 radians per second).
When the rate is achieved the jets are turned off until
the RHC is returned to detent in that axis unless the
jets are momentarily required to maintain attitude or
rates within deadbands. When the RHC is returned to
detent in an axis, the attitude in that axis is
snapshotted and jets are fired to stop the rate and to
begin holding the snapshotted attitude.

ACCEL - ROLL, PITCH, YAW - When the DAP mode is
MAN/ACCEL and the RHC is deflected out of detent, a
fixed number of jets are fired to provide constant
angular acceleration. When the RHC is returned to
detent, the jets are turned off but the angular rates
continue. The result is a free mode since the attiude
is uncontrolled when the RHC is in detent 'free drift
at the existing angular rates).

PULSE - ROLL, PITCH, or YAW - When the DAP mode is in
MAN/PULSE and the RHC is deflected out of detent; jets
are fired just long enough to achieve the preprogrammed
angular rate (DAP A yields .3 radians per second
squared, DAP B yields .06 radians per second squared).
PULSE is also a free mode.

RHC and THC - The handcontrollers are used to input commands
t:othe DAP, which then (depending on DAP configuration) out-

* puts appropriate RCS jet fire commands.

A-3
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APPENDIX B

(This appendix was taken wholly from Reference 4)

TERMINAL RENDEZVOUS/DOCKING

This appendix develops the equations of motion for an

interceptor vehicle relative to a target vehicle in orbit
about a central body when the range between vehicles is less
than R km (5 miles).

The following approach will be taken to solve this
o" engineering problem.

A

1. Establish a coordinate system: Y

a. Origin at target vehicle TARGET

b. Orthogonal right-handed system

c. x -- In the local horizontal, in z
direction of target -
vehicle velocity vector R

d. y -- In zenith direction (along INTERCEPTOR
target vehicle position
vector R)

e. R--Vector to target in fixed
frame

Figure 3r f. i--Vector to interceptor in
fixed frame

g. p = - -- Position of the interceptor relative to
the target.

2. Apply _ Fext = (iiv) in the rotating coordinate system:

a. This is a double application of the law of coriolis
for derivatives in a rotating frame. (If you can't derive
this, see BMW pp. 42-93.)

2 2--- _...d(_) - d({)~ixj ()2ia 4 t R

dt F dt2  R

B- I
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b. When ( ) is the position of the interceptor vehicle,
(Y), then

d - ext

dt 2 F m rR +wxr+0xwxr+2 xr R

c. Noting the following relationships

() M= -, (7) " R =R

(2)1 iM- (-18)R RR ."

(3) x St + y 9 + z ( (9) Y x k + (R + y) 9 + z

(4) R = R R + y 9 + z £ (10) r R = x f + (R +y) 9+ z

( = p x + y 9 + z . (1I) rR= x f + (R + y) 9 + z

(6) 'R =R 9

d. Developing the required cross products
.-.-

Mi x Y ui(R + y) X^ L ux '-

wi x wR + y) ft-ux

i x xi x T fx - u?(R + y) --
-I..

e. Now substituting from c and d into the component
form of the vector equation developed in 2.b, we obtain

p-°

f= x+wu(R +y)ux + 21(R+ y)

f = + u?- - u(R + y) - 2Lu -N
y

fz Z

P.

B-2
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f. Now, let f" be the specific force other than the
gravitational attraction of the central body (i.e., drag,
thrust, solar pressure, etc.)

YmY+ yPirt

gr

OR

f = fy, (R + y)

f f P
~r,

=. - ':" i

g. Then the relative motion is described by

x f" - + y) + ux -2u R + y x

y-- + x + + Y) +2 - + 3/

z , z - where r= rx + (R + y) + z2/
z r

THESE ARE VERY NON-LINEAR, BT EXACT' EQUATIONS OF MOTION.

3. Linearize the equations to find an analytic solution:

r3 = R ()2 + (1 + p2 + (z)21/

-R 3 (.1 + 2+ (X) 2 + (~2 + (Z)213/2

a. Since x, y and z are small compared with R,

r3 = 3{ 2 .3/2
r .R-(l +

,B-3
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b. Then the last terms in the equations of 2.g. take on
the form

3(l + 2 3/

c. Since the term 1 1 is small (less than 0.00125), use
the binominal expansion to begin to simplify these equations

(+ .4)-3/2 3 -3 -, + 15 .42 _

d. Then, substituting into ?g and neglecting the small
high order terms,

3isx __

X ~I _ Elx + ,; x etc . '-
• "e R~3( +  )-3/2 ~ 3  R4 .- "...

~~~So that... .[.

X"- f -(R + y) + U2 x - 2uw( + y) Px + 3J-'xy
x R3  R A

y"- fy" - R + ux + u?(R + y) + 2u P + 23A' + !""

Z = f P z + 3;17y-z R3 R4  .- []
R R

e. The only nonlinear terms are the last ones in the
equations. These terms are smaller than the proceeding
terms by ( ). Neglecting these terms results in

"x" = f ,1,(R + y) + (u - A-)x 2LX*R + Y')
x R 3

V f' W R + (u? )R + (2? + 9'))y + 2,Xy P

- .- . - -

.4o .
*5 .% U..-. .. . . . . . . . . . . . . .

**.*.t~~~~~*,~~~*-., -......- ...- * . . . . . . .
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R

4. Now ASS[ME the target vehicle is in a CIRCULAR orbit.

a. Then

vC
s = ~O ,R and R=o

b. The equations of motion become

x = f - y"

y. = fl' + 3u y + 2uzc
"" f" - "z

THESE ARE THE LINEARIZED EQUATIONS OF MOTION FOR AN INTER-
CEPTOR VEHICLE RELATIVE TO A TARGET VEHICLE IN A CIRCULAR
ORBIT WITH KEPLAAN MOTION.

B-5

S~v~&..:iK&- c~I~y~w7*::.~ .... -•: .



APPENDIX C

(This appendix was taken wholly from Reference 5)

ATTITUDE DETERMINATION USING QUATERNIONS

The quaternion q describing the orientation of a body with
respect to a reference coordinate frame may be found by
integrating the quaternion differential equation:-

q i

where

q =q q 1 + jq2 + tq 3 +q4

W = uix + Jui+ L

W = rate of rotation of body with respect to the
reference frame (in body coordinate frame).

Expansion of (1) yields the following form:

q 1  0 j - u

d q2 j 1 u 0 Lf qj (2

qC q

31LI X

q n -l -
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The quaternion components in the body (X, Y, Z) coordinate
frame are

q, sin u-

sin sif-

= - sin i

q3 = -

where

Avecetor is transformed from body to reference coordinates

_RqX (4)

whaeare : ''

q* = -+ si 2 _ 0 + _4

= conjugate of q

* "*

qq = q q

ut I

The equivalent equation in vector-matrix notation is

3 TRI X (5)

C- ]

t - '1-

q4 
=

cos2 ~ - . .4 z..-. -.-... _ __ _ _



If (4) and (S) are expanded and compared, it is seen that

q1 2 3q4q 2 .q3 q4 )

R]1-19 2 2( 2 22 ~ 3+~

2 qq+q 3q4 ) -q+ q 2(q2q3 -qlq 4 ) ()

2(qlq 3-q 2q4 ) 2(q 2q 3 +qlcq4 ) -qI2+ q

From (6), the quaternion components, expressed as functions
of the matrix elements, are

q1 l (T 3 2 -T 2 3

= -.. ( 1 3 -T 3 1
4 (7)

q3 =q .~.( 2 1 - 1 2 )

q4 = l+ 1  2 2  33
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THRUSTERS PROGRAM LISTING
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C THIS PROGRAM GENERATES ROTATIONAL AND TRANSLATIONAL ACCELERATIONS
C AND ASSOCIATED FUEL COSTS FOR EACH THRUSTER AND STORES THEM IN
C ARRAY "THRUST". TO DO THIS IT APPLIES EACH THRUSTEROS FORCE
C AND POSITION ON SH4UTTLE BODY (STORED IN ARRAY 'JET#) TO SHUT'-*
C MASS, CGp AND PCO4ENTS OF INERTIA.

C FOR A DETAILED EXPLANATION OF EQUATIONS/PARAMETERS REFER TO
C TRW PAPER "ENGINEERING DESCRIPTION OF THE CMS/RCSIDAP MODELS
C USED IN THE HP-9825A HIGH FIDELITY RELATIVE MOTION PROGRAM (HFRmP7.e\%
C 6 OCT 78. OR SEE CAPT. ALFANOP DFAS
C

REAL MASSPSTACGBLCGPWLCGRXPRYPRZ
REAL MOIC3,3),IMOI (3o,3),JETC44,12),THRUSTC44,9)

REAL VUN(12),PUN(1 2),PZIUN(1 2),PZHI(12)
INTEGER IpJpTYPEpTABLE (4,12p9),IOSTAT

C
C
C SELECTION TABLES ARE AS FOLLCWS:

C AA(AL~rpIp~p)90
DATA (TABLE(1.1,I),I=1,9) /9*0/
DATA (TABLE (1,2,I)oI1,9) /9*0/
DATA (TABLE (1,3,I)pI1,9) /9*O/
DATA (TA8LE(1,5pI)pI11,9)/9*O/

DATA (TA8LE(l.6pI)pI11,9)/9*OI

DATA (TABLE (1,7pI) I=1 ,9)/44r8*0I
DATA (TABLEC1,8,I)pIz1,9)/43r8*OI
DATA (TABLE (1,9p1)p1=1 9) /39,40,7*0/
DATA (TABLE (1,1O,I),11, I9) /44,43,7*0/
DATA (TABLE (1,11,1) ,I1,9)f4l.8*0I
DATA (TABLE (ll2pl),I:1,9)/42o8*0I

C
DATA (TABLE(2,1.I) ,I21,9)/16-1 8,7*0/
DATA (TABLE (2p2pI)pI=lp9)/lp3,7*O/
DATA (TABLE (Zr3,I),-I=1 9) /4p19p7*0l
DATA (TABLE (2,4,1) oI=1 ,9)/6,23o7*OI
DATA (TA3LE (2,5,I),I1l,9)/9,r27,-306*0/
DATA (TABLE(2,6,I)pl1 ,9)/12,11,33,34,36,3T,3*O/
DATA (TA3LE (2,7,I) ,I=1 19) I33,30,7*0I
DATA (TABLE(2o8pI)pI1,9)/27v36p7*0I
DATA (TABLE(2,9.,11,~l9)/1?,1 1,27,30,5*0/
DATA (TABLE (2,1O,I),11 ,9)/9,33.36,6*0/
DATA (TABLE (2,11,1), 1=1,9)/4r23,7*0/
DATA (TABLE (2,12p1),I=1,9)/6,1 9,7*O/

DATA (TABLE(3,,),11.lo9)/1 6,1 8,7*0/
DATA (TABLE(3,2,I)pI=1,9)I1,3, 7*0/
DATA (TABLE (3,3,I),I=l,9)/4p19,7*0f
DATA (TABLE (3,4,1) ,I:L1,9) /6,23,7*0/
DATA (TA3LE(3,5,I),11l,9)I1,3,16,18,5*OI
DATA (TABLE(3,6,I),11,p9)/l2.1 1,33,34,36,37,3*0/
DATA (TABLEC3,7pI).I11,9)/33,8*O/
DATAA (TA9LE(3,8pI),I1 19) 136,8*0/
DATA (TA9LE(3,9rI),Iz1,9)/12,1 1,7*0/
DATA (TABLE (3,1OI),Iz1 9) /33,36,7.01
DATA (TABLE (3p11,l)o,1,9)14,23,7*01

DATA (TA8LE(3.12,I)p,11,9)/6,19,7*O/

DATA (TABLE(4,lpI)pI=1,9)/16,1 8,7*0/
DATA (TABLE (4,2,I),I=1 ,9)/1,3, 7*c/
DATA (TABLE-(4,3,I).I=1 ,9)/4,19,1.0/
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DATA CTA8LE(4v4pI)pIulr9)I6f23,7'OI
DATA CTA9LEC4,5,I),I=1 ,9)/8o,9,P27,28,29,30,31,321
DATA (TABLE (4.6,I),11,9)/12.1I.33.34. 36,37,3*01
DATA CTABLE(4p7.I),1u1,9)/33#30,7*0/
DATA (TA9LE(4p6.X)pI~1,9)12?*36p7'0/
DATA CTABLEC4,9.I).pIa1.9)/12.1 127,30,5*01
DATA (TABLE(4,1OI),Izlg9)I9.33,36,6*01
DATA CTABLE(4#1tI)#Iz1,9)/4v23p7*OI
DATA CTA8LE(4pl2.I)PIzl#9)/6v19p7*OI

c ASSIGN VALUES TO JET ARRAY

DATA CJETCII),11,P9)/-879.4,-26.Z,1 19.9,306.72,14.65,392.96,
*003.1071011
DATA CJET(2,I),Izl.9)/-879.5,O.O,122.7,306.7?,0O.394.45,0.0,

*3.1071o11
DATA CJETC3.X).11 .9)I-879.4,26.2,119.9,306.?2,-14.65,392.96,

*0.0.-3.1071.1/
DATA (JET(4,I),Il.l9)I-26.3,873.6,1 8.2,362.6?,-69.5,373.73,
*0.0,3.1071.1/
DATA CJET(5,I),Izl.9)I-21.O,870.3,.5,364.71,-71 .65,359.25.0.0,
*3.1071.1/
DATA CJETC6,I).l1.9)/-26.3o-873.6,1 8.2.,362.67.69.5.373.73.

*0., 3. 1071.1/
DATA (JET(7,I)vX1.o9)/-21 .0,-870.3,0.5,364.71,71.65,359.25,

*0.0,3.1071,1/
DATA (JETC5,I),121,9)/-32.3,-1 1.7.874.4.350.93,14.39.413.46,
*0.O.3.1071,1/
DATA CJET(9,ZI),Zzl,9)/-31 .9,0.0.873. 5,350.92,0.0,414.53,

.0.0. 3.1071,1/
DATA CJETC1O, I).Iz1,9)1-32.3,1 1.7,874.4,350.93.-14.39,41 3.46.

DATA (JET(11,X),I11,9) I-28.0,-616.4,-639.5.333.84,61.42, 356.95,
'0 .0, 3 .10 71.1/I
DATA CJETC12,X),121,9)/-28.0,616.4,-639.S,333.84,-61 .42,356.95,
'0. 0,3 .10 71 1/
DATA (JET(13, I),I=1,9)/-24.8,-612.6,-639.4.348.44.66.23.358.44.
'0. 0 ,3 .10 71 ,1I/
DATA CJETCI4,X),1z1,9) /-24.8,612.6,-639.4,348.44,-66.23.358.44,

DATA (JET(15,I),121,9) 1856.8,0.0,151.1,1555.29,137.0,473.06,
'0.0.3.1071.2/
DATA (JETC16,X).I=1,9) 1856.8,0.0.151.1,1555.Z9,124.O.473.06,

*0.0.,3.1071,2/
DATA (JET(17,1),K=1l,9) 1856.8,0.0,151.l,1555.29,-137.0,473.06,
*0.0.3.1071,3/

- DATA (JETC18,I),1!1,9) /856.8,0.0.151 .1,1555.29,-124.0,413.06,
*0.0.3.1071,3/
DATA (JETC19,I),Izl,9) I0.0,870.5p-8.4,1516.06#-149.83,455.21,
'-0.5887,3.1071.3/
DATA (JETC20,I),11,r9)/0.0,870.5s-8.4.1529.07.-1 49.83,455.21,
*-0.6061,3.171,31
DATA CJETC21.I),Il.9) I0.0,870.5,-8.4,1542.07,-1 49.83,455.21,

*-0.6235,3.1 071,31
DATA CJET(22,I),11,*9) /0.0,870.5,-8.4,1555.07.-149.83.455.21,
*-0.6410,3.1 071,3/
DATA CJETC23,I).Xhl,9) I0.0,-870.5,-8.4,1516.06,149.83.455.21,
'0.5837,3.1071,2I
DATA (JET(24,I),X=1,9) /0.0,-870.5,-S.4,1529.07,1 49.83.455.21,
*0.6061,3.1071,2/
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DATA (JET(251l),Pl=lo9) /O.Oo-870.5p-8.4p1542.07P149.83p455.21.
*0. 62 35p3.1071. 2/
DATA (JET(26,1),I=1.9)/O.0P-87O. 5.-8.4.1555.O7.1l49. 83.,455.21g---

*0. 641,p3.1071. 21
DATA (JET(27,1),I-1.9)129.O.72.0,870.0.1520.04'-116.51.4S1 .65,I

*-0.461 5P3.1071,3/
DATA CJET(28,z).1=1,9) I29.0,72.O.870.0,1532.96.-116.54.481.65.

*-0. 3725.3. 107 1,3/
DATA CJET(29.rI).11P9) /29.0,72.Ov870.O.1545.87.-116.58.4S1 .65,

*-0.2836p3.1071,3/
DATA CJETC30oI) .1=1,9) 129.0O,-72.0.r870. 0,1 520.04,116.51.481 .65,

*0.4615,3.1071,2/
DATA (JET C31,1 ),1=1 9)/29.0.-72.O,870. 0.1532.96.116.54,481 .65,

*0.3725,3.1071,2/
DATA (JET(32#1),I1,p9)/29.0o-72.0,87O0.iP545.87,116.58,481 .65,

*0.2836o3.1071,2/
DATA (JETC33.I).11P9) /312.4,346.8,-545.7,1498.11.-101.47.420.49,

*1.7413.3.1071,3/
DATA (JETC34,II1,9) /312.4,346.8,-545.7,1513.68,-100.61,424.63,
*1.4807,3.1071.3/
DATA (JET(35.1) ,1=1,9) 131 2.4,346.8,-545.7,1529.23,-99.79,428.76,

-' *1.220SP3.1071,3/
DATA CJET(36,I),1I1,9)1312.4,r-346.8,-545.7,1498.11,101 .47,420.49,

*-1 .741 3,3.1 071 .2/
DATA CJET(37,I).1=1.9) /312.4.-346.8,-545.7.1 513.68.100.61,424.63.

*-1.4807,3.1071,2/
DATA CJET(38.I),1 1,9) /312.4.-346.8,-545.7.1529.23.99.79,428.76.

*-1 .2208,3.1071 .2/
DATA CJET(39,I) .1=1,9) 1-0.8,-i 7.0,-17.6,324.35.59.7,350.12.

*0.0. .0923.1/ '-
DATA (JET(40,I),11.P9) /-0.8,17.0.-17.6.324.35,-59.7.350.12. ,
*0.o 0. *09 23,1/
DATA (JET(41.I) .1=1,9) /0.0.-24.0,-0.6,1565.0,149.87,459.0.

*0.0, .0923o.2/
DATA CJET(42.I) ,I=1.9)I0.0.,24.0,-0.6,1 565.C,-149.87.459.0,

*0.0, .0923,3/
DATA CJETC43,l).11,p9)/0.0,0.O.-24.0.1 565.0.118.0,455.44.

*0.0, .0923,2/
DATA (JETC44,I),I=1.9) /0.O,..0-24.0,1565.0.-118.0.455.44.

*Q*.j,.0923.3/
C
C REASSIGN VALUES TO JET
C

DO 900 1=1.44
JETCI.11)=JET(Irg)
JETC(12)=JET(I,9)

900 CONTINUE
C

M1AS200017.O/32.2
MOIC1,1 )887302.00-
MOIC 2,2)=6386877.0
!iOI( 3,3)=6694367.0
P I1,2)=-5622.0
!41( 2,1 )-5622.0
MOIC2p3)=971.0
PMI(32)=971.0
P101(1 3)=-247376.0
P101(3,1 )-247376.0
STACG109S. 3
3LCG0. 3
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PRINT W. DO YOU WISH TO USE N0OMINAL SHUTTLE PARAMETERS?*

PRINT W, TYPE 1 FOR YES# 2 FOR NO'
READ *pTYPE
IF (TYPE .EQ. 2) THEN

PRINT Ars' ENTER SHUTTLE MASS (LBS)v
READ*PMASS ~..

C CONVERT TO SLUGS
MASSaMASS132.2

PRINT *P* ENTER MOMENTS OF INERTIA CSLUG-FT**2)'
PRINT Ar.' IXXPIYYeIZZ (BODY FRAME)
REAO*,MOIC1.1 ),MOIC2,2),401C3,3)
PRINT *P6 ENTER IVZ*IZXPIXYO
REAO*,M4OI(2,3),MOIC3,1),M4OIC1,2)

MO! c2p3)r-MOI(203)
MOK (3p1 )-MOI(3o1)
MOI(1,Z)v-MOI(1v2)

- MOI(3p2)ufMOI(2p3)
MOICI,3)SMOI(3,1)
M01C2pl )MOIClpZ)

PRINT drof ENTER SHUTTLE CG CINCHES)
PRINT *P* CG STAP CG BLP CG WL'
READ *PSTACGPBLCGWLCG

EWDIF
PRINT e'e***ECOCHECK OF SHUTTLE DATA **'
PRINT *sSHUTTLE MASS a OPMASS*32.2
PRINT *01 IX a 1MOMC1,)
PRINT ko' IVY = 'PMOI(2p2)
PRINT ivo' IZZ a ',MOIC3*3)
PRINT W, XYZ a lp-MOI(2r3)
PRINT frol IZX 2 ep'M01C3,)
PRINT trof IXY a ',-MOIC1.2)

-PRINT W, CG STA ='PSTACG
PRINT W, CS 61L lp'BLCG
PRINT W, CG WL *P'WLCG

C GIVEN THE SHUTTLE CG LOCATIONS (STACGPBLCGPWLCG IN THE SHUTTLE
C FRAME) THIS ROUTINE COMPUTES TORQUES IN BODY AXIS CLXPLVLZ)
C AND STORES THEM IN COLUMNS 8,9.10 OF ARRAY JET. EACH THRUSTER
C HAS ONE ROW OF ARRAY JET ASSIGNED. COLUMNS ARE AS FOLLOWS:
C 1-FE 2-FY 3-FZ 4-STA 5-8L 6-WL
C 7-C S-LX 9-LY 10-LZ 11-PROPELLANT FLOW RATE
C 12-TANK(1=FORWARO2RIGHT,3=LEFT)
C

r

00 175 Izl'44
RX-(JET(Ip4d-STAC6) 112.0
R~m+(jETC Ip5)-9LCG)I12.O
RZ=-(JET(1#6)-WLCG)/12.0
JETCI.8)uRY*JETCI,3)-RZ*JET(I,2)4JETCI,1)*JETCI,7)
JETCI,9)=RZ*JETCI,1)-RX*JETCI,3)4JET (1.2) *JETCI,7)
JETCt.10)=RX*JETCIZ)-RY*JET(I,1),JET(I.,3)*JET(I.7)

175 CONTINUE

C
C ESTABLISH UNCOPPENSATED ACCELERATION PROFILES

C MOIsMOMENT OF INERTIA MATRIX
-C IMOImINVERSE OF MOI

C VUNC )=ViRNIER/UNCOMPENSATED RESPONSES
-C PUNC )=PRIMARYIUNCOMPENSATED RESPONSES
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c PZUN( xPRMARYWIT +Z NHIITEDUNCCPENATEDRESONSE *
C PZHIN )PRIMARY WITH HXIHIBE/UNCOPENSATED RESPONSES

CALL INVERTCMOIPIMOI) *i y-
CALL JETSELCIMOIJET,MASSTHRUST,VUN.PUNPZIUN,PZHI,TABLE)

C
C OPEN FILES HERE
C

OPENCUNITZ,.NAM4E' EALFANO.DATAJRESPONSES.OAT',TYPE'INEbI%
*FORMSIUNFORPATTED' ,INITIALSIZE=4O)

C OPEN(UhXT23,FILE=IRSP.TBL',STATUS=ONEW',
C *IOSTATmISTAT)

C
C WRITE TO THE FILE
C
105 FORMATC7X,I2,9(3XvF9.S))

DO 825 I=1,44
WRITECZ)(THRUST(IJ)pJ=1.9)

C WRXTEC3,105)I,(THRUST(r,J),j1i,9)
825 CONTINUE

DO 850 1=1,12
WRITfCZ)(TABLEC1,IpJ),J1,9)
WRITE(2)CTABLE(2,IrJ),J=1,9)
WRlTE(2)CTA8LE(3,IpJ),J=1,9)
WRITE(2) CTABLE(4,I,J),J1l,9)
WRITE(2)VUNCI)
tRITEMZPUNMI
WRITECZ)PZIUN(l)
WRITE(2)PZHICI)

850 CONTINUE
C
C CLOSE FILES *~-

CLOSECUNIT2)
C CLOSECUNIT=3)

C
END

C
C

5'C

C
C
C
C
C
C

SUBROUTINE ROWOPCMATPRC)
REAL MAM(36)
INTEGER RCoIi
REAL FACTOR

C
C THIS ROUTINE UNITIZES ONE ROk OF A 3 BY 6 MATRIX (MAT)
C ASCUT THE PIVOT CRC) AND THEN PERFORMS ELEMENTARY ROW
C OPERATIONS ON THE REMAINING TWO ROWS.
C (TO BE USED BY SUBROUTINE INVERT)
C-

FACTOR=MATCRCRC)
DO 100 121,6
MATCRC I)=MAT(RC,I)IFACTOR

100O CONTINUE
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DO 200 J2,3
IF (J *EQ. RC) GOTO 200
IF (ABSCMAT(JRC)) .LE. .0000000001) GOTO 200
FACTORm-MAT(JRC)IflAT(RCpRC)
DO 400 1.1,6

MATCJ,,I)=MAT(J,I) MAT(RCI)*FACTOR
400 CONTINUE
2OO CONTINUE

END

C
C

C

SUBROUTINE INVERT(COIIMOI) x. -!
C
C THIS ROUTINE SETS UP A 3 BY 6 MATRIX (DUMMY). LEFT 3 BY 3
C MATRIX IS THE MOMENT OF INERTIA MATRIX (MO). THE RIGHT
C 3 BY 3 IS THE IDENTITY MATRIX. CALLS TO SUBROUTINE ROWOP
C PERFORM ELEMENTARY ROW OPERATIONS MAKING THE LEFT 3 BY 3
C OF DUMMY THE IDENTITY PATRIX AND THE RIGHT 3 BY 3 THE INVERSE
C MOMENT OF INERTIA MATRIX (IMOI).
C

REAL MOI(3,3),M0OI(33),,DU!MY(3,6)

INTEGER KpL
C

DO 100 K'I,3
DO 300 LzI13
DUMMY(KL)=MOI (KL)
DUMMY CKPL+3)O.0 1

300 CONTINUE
DUMMY (K#K*3) 1.0'

100 CONTINUE
CALL ROWOP(DUNMYPI)
CALL ROOP(DUMMY,2)
CALL ROWOP(DUMMY,3)
DO 150 K21"#3

DO 350 L=1,3
IMOI(KL)mDUMMY(KL43)

350 CONTINUE
150 CONTINUE

END
C

C ,•-°C

C
SUBROUTINE JETSEL(IMOIJETMASSTHRUSTVUNPUNPZIUN'

• PZHIoTA8LE)

C SUNS FORCES AND TORQUES OF THRUSTERSP CONVERTS TO ACCELERATIONS
C ASSIGNS PROPELLANT LOSSES FOR THRUSTER.
C

INTEGER I,J,TABLE(4p12p9)pROWCOL
REAL M(12),ALPHA(3), IMOI(3,3),JET(441 12),MASSTHRUST(4,9)
REAL VUN(12),PUN(12),PZIUN(12),PZHI(12)

C !
"00 100 1"1,44

M(1)"JET(1T1)
M(2)"JET(I,2)
M(3)=JET(I,3)
P(4)=JET( 1,8)
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MCS)=JETCIp9)
14(6)=JETCIp10)

C ASSIGNING OF PROPELLANT
C

M~~ -)SO

MC8)xJET(Io11)
IF CJET(IP12) .LE. 1.5) THEN

MC7)=JET(Iol1)
MC 8) =0. 0__

ENDIF
IF CJET(IP1Z) .GE. 2.5) THEN
MC9)=JET(I,11)

ENDIF
C
C CONVERT FORCES AND TORQUES TO ACCELERATIONS
C

14I)=MC1 ) IASS
MC2) uM(2) /14AS
MC3):MC3) /MASS
Do 400 J1,P3

ALPHACJ)=IMOICJ,1)*M(4),IMOICJ,2)*M(5)+IMOICJ,3)*MC(6)
400 CONTINUE

MC 4) ALPHA Cl)
I95)=ALPHAC2)

is MC6)=ALPHAC3)

C ASSIGN THRUST ARRAY AS FOLLOWS
C COL 1-3 TRANSLATIONAL ACCELERATION (FPS2)
C COL 4-6 ROTATIONAL ACCELERATION CRADIS2))
C COL 7-9 FUEL USED CLBS/S) (7-FUD 8-RT 9-LT)

DO 200 J2109
TI4RUST( IJ)=M(J)

200 CONTINUE __

100 CONTINUE
C
C ASSIGN RATES CORRESPONDING TO COMMANDS FOR GIVEN
C THRUST PROFILE
C

0O 500 I=1,12
VUNCI)0O.C
DO 600 J=1,9

IF CTABLECIPIPJ) .EQ. C) GOTO 500
ROWaTABLE(1,IJ)
COL=INTC(1I+1)/2)
VUN(I)=VUN(I) +THRUSTCR0WfCCL)

600 CONTINUE-
500 CONTINUE

S C

DO 525 1=1,12
PUNCI )0x.0
DO 625 J=1,9

IF (TABLEC2fIPJ) .EQ. 0) GOTO 525
ROWaTABLE(2pIJ) *::~-

COL=INTC(I+1)/2)
PUNC )=PUN(I)+THRUST CROWPCCL)

625 CONTINUE
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SZS CONTINUE
C

DO 550 I1112
PIZUN(I)MO.0
DO 650 JuIP9
If CTABLEC3sIPJ) .EQ. 0) GOTO 550
ROMOTABLE(3. I.J)
COLaINT C(I*1)I2)

650 PZIUNCI)OPZIUN(I)*TNRUST(ROW#COL)
650 CONTINUE

'50 CONTINUE

DO 575 191012
PZNI(Z)*0.0
DO 675 Jul.9

IF CTA8LE(4ot#J) .EQ. 0) GOTO 575
ROWuTASLE(4vIPJ)
COLaINT(CI*1 I)
PZNICX)mpZNXCI)+THRUSTCR0WPCOL)

675 CONTINUE
ST5S CONTINUE
C

END

A ,J
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C PRODUCED BY THE UNITED STATES AIR FORCE ACADEMY
C DEPARTMENT OF ASTRONAUTICS AND IS NOT PROTECTED
C BY COPYRIGHT. (17 U.S.C. SECTION 105)
C PROGRAM IS BASED ON WORK BY USAFA/DFAS.
C AUTOVON 259-4110 COMMERCIAL 303-472-4110
CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
C

C EXECUTES THRUST COMMANDS FOR PROXIPITY OPERATIONS
C DAP PANEL MODE DEFINITIONS CAN BE FOUND IN:
C FLIGHT PROCEDURES HANDBOOK/PROXIMITY OPERATIONS
C PRELIMINARY NOV 11P1982 NASA
C PAGES 3-16 TO 3-20
C QUESTIONS ????? CONTACT CAPT ALFANO, DFAS
C

INCLUDE OCALFANO]PROCONST.FOR/NOLIST'
C

REAL X(6)oT(303),Q(4),JET(4,12),JETSEL(44,9).RTRVX
REAL WS9(3)PMAXWXMAXUYMAXWZALTAB(3)*AR(3),ANG(3)
REAL FUEL(3),DELTATDVXoDVYDVZOWXDWYDWZGAS(3).FX(6)
REAL DBXDBYDBZSNAPC3).REF (4),OELTlDELT2.INCLIN.#TIME
REAL TWC3,3),TARG(3)AP(4)RANGEoOMEGAAPSTOPOLDX(3)
REAL UP(3),HAFWAY.RRATETFUELFUDGEPSTOPIT

C
INTEGER*4 SYSSSETEFSYSSWAITFRCHANCOUNT
INTEGER*2 IBUF(337)oIOSB(4)
INTEGER S(24),C(l ),P(12), IJPICKL(24),CO(12),COMM.,LITE
INTEGER DC(12),NLOOPSoTABLE(4,1,9),PCOUNTAPSWRESETFLAG
INTEGER PICoDSC24),DL124),OVHDCl2),IOSTAT,TRKCNTRESTOP
CHARACTER*16 TIMeUF
INTEGER*4 TIMADR

C
C AB(3) - ACCELERATION (BODY FRAME)
C ALT - ALTITUDE OF TARGET (KM)
C ANG(3) - ANGULAR ACCELERATION (BODY FRAME)
C APSTOP - RANGE FROM TARGET YOU WISH AUTOPILOT TO STOP
C APSW - AUTOPILOT SWITCH (S(3)) FROM LAST ITERATION
C AP(4) - UNIT VECTOR FROM TARGET TO SHUTTLE FOR AUTOPILOT
C AR(3) - ACCELERATION (REF FRAME)
C CHAN - CHANNEL FOR PHYSICAL I1/0 WITH PS300

C COMM - I=RHC IN NEUTRAL, O=RHC NOT IN NEUTRAL
C COUNT - COUNTER FOR FAST AUTOPILOT GRAPHICS
C DBX - X DEADaAND FOR ATTITUDE CONTROL
C DBY - Y DEADBAND FOR ATTITUDE CONTROL
C DBZ - Z DEADBAND FOR ATTITUDE CONTROL
C DELT1,2 - TIME COUNTERS TO SEE IF LOOP EXCEEDS .04 SEC
C DELTAT - TIME STEP
C DVX - X VELOCITY PULSE
C DVY - Y VELOCITY PULSE
C DVZ - Z VELCCITY PULSE
C DWX - X ROTATIONAL PULSE
C DWY - Y ROTATIONAL PULSE
C DWZ - Z ROTATIONAL PULSE
C FLAG - A PARAMETER TO SLOW DOWN TRANSMISSION RATE TO PS300
C FUDGE - FUDGE FACTOR TO CHANGE STS RESPONSIVENESS
C FUELC3) - TOTAL FUEL EXPENDED FROM EACH TANK
C FX(6) -PREDICTED FUTURE POS/VEL OF SHUTTLE
C GASC3) - FUEL CONSUMED FOR PRESENT ITERATION (FROM EACH T--.).1
C HAFWAY - HALF THE DISTANCE SINCE LAST AUTOPILOT UPDATE
C (USED FOR BRAKING PURPOSES)

~ ~ * 9, ~ . - -- ~ - -.-
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C INCLIN - INCLINATION OF TARGET ORBIT (DEG)

S.IBUF - BUFFER FOR ALL MOVEMENT (I1/0 WITH PS300)

C IOS8 - UNKNOWN PARAMETER (?) FOR 1/0 WITH PS300
C IOSTAT - FLAG FOR CHECKING I1/0 ON UNIT 20
C JET(412) - RESPONSE TO COMMANDS
C CROW: 1-VERNIER 2-PRIMARY 3-LOW Z 4-HIGH Z)
C JETSEL(44o9) - PRECOMPUTED ACCEL AND FUEL FOR EACH THRUSTER
C LITE - laLVLH+3 DISC MODES SELECTED, O=NOT SELECTED
C MAXNX - DISC RATE FOR ROLLI ' C MAXN¥ - DISC RATE FOR PITCH
C MAXWZ - DISC RATE FOR YAW

" NLOOPS - LOOP COUNTER
C OLDX(3) - ORIGINAL SHUTTLE POSITION FROM TARGET IN C-U FRAME
C OMEGA - ANGULAR RATE OF TARGET ABOUT EARTH CRADISEC)
C PC12)- PULSE COMMAND COUNTER

A C PCOUNT - A COUNTER FOR PRINT STATEMENTS

C PIC - FLAG FOR PS300 GRAPHICS USAGE
C PICK - NUMBER CF SELECTED RESPONSE MATRIX (JET)

- C Q(4) - QUATERNION
C RANGE - RANGE FROM TARGET
C RiFC4) - QUATERNION CLVLH TO C-W FRAME)
C RESET - COMMAND FLAG TO START OVER FROM ORIGINAL POSITION
C RESTOP - COUNTER TO ALLOW STOPPING OF PROGRAM W/ RESET BUTTON

C RRATE - RANGE RATE FROM TARGET
C RT - RENDEZVOUS TIME FOR BANANA AUTOPILOT
C RVX - FINAL RENDEZVOUS OFFSET DISTANCE (35 FT)

C SNAP(3) - SNAPSHOT ANGLE (NEEDED FOR DISC RATE MODE)
C STOPIT - MAXIMUM NUMBER OF MINUTES YOU ANTICIPATE RUNNING
C T(3,3) - TRANSITION MATRIX (BODY TO REFERENCE FRAME)
C TABLE(4.12.9) - LIST OF THRUSTERS FIRED VS COMMAND
C TARG(3) - TARGET POSITION wRT AFT BAY WINDOW
C TIMBUFTIMADR - USED TO SET ITERATIVE LOOP TO DELTAT
C TIME - TIME (SEC)
C TFUEL - TOTAL FUEL USED
C TWC3,3) - TRANSITION MATRIX (REF TO WINDOW FRAME)
C TRKCNT - COUNTER FOR WRITING TO UNIT 20

C UP(3) - UP VECTOR FOR PS300 AND ALIGNMENT SUBROUTINE
C WBC3) - ROTATION RATE (BODY FRAME)

C XC6) - SHUTTLE POSITION/VELOCITY FROM TARGET IN C-W FRAME
c

C ASSIGNMENT OF DAP PANEL SWITCHES, LIGHTS, AND THRUST COMMANDS
C
C SC ) - SWITCH ARRAY (READ FROM DAP PANEL)
C LC ) - LIGHT ARRAY (WRITTEN TO DAP PANEL)
C C( ) - THRUST COMMAND ARRAY
C OVHDC ) - COMMAND ARRAY FOR OVERHEAD LOS (READ FROM THC/RHC)
C COC ) - COMMAND ARRAY FROM LAST ITERATION
C DCC ) - DUMMY COMMAND ARRAY
C
C S(1) - SELECT A I PARAMETERS FOR FAR AWAY MANEUVERING (MAN MODE)

C I DIRECT AUTOPILOT (AUTO MODE)
C S(2) - SELECT B I PARAMETERS FOR CLOSE IN MANEUVERING (MAN MODE)
C I C (BANANA) AUTOPILOT (AUTO MODE)
C S(3) - AUTOPILOT
C SC4) - MAN I MANUAL
C SC5) - NORM RCS JETS
C S(6) - VERNIER RCS JETS
C SC?) - DISCRETE RATE ROLL
C S(8) - DISCRETE RATE PITCH
C SC9) - DISCRETE RATE YAW
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C S(C) - ACCEL ROLL
C S(11) - ACCEL PITCHC S(12) - ACCEL YAW .. i"i

C s(13) - PULSE ROLL
C S(14) - PULSE PITCH
C S(15) - PULSE YAW
C S(16) - LVLH

.]~ S (17) - LOW Z18 -Y;GM "'-

nC S(19) - MORN X
;C S(20) - NORM Y

c S(21) - NORM Zz)-PLE 7 .
. C S(22) - PULSE X "-.-

c- S(23) - PULSE Y "

, S(24) - PULSE Z
O C

C L( SAME AS S ARRAY

C C(2) -X

C CC3)-+X
C C(4) -*Y

C C(5) -+
' c C(6) - -Z

C C(7) - +ROL
C C(6) - -ROL:
C C(9) - +PC"
C C(10) - -PCH
C C(11) - +YAW -

C C(12) - -YAW
C
C CO( ) - SAME AS C ARRAY
C DC( ) - SAME AS C ARRAY
C
C 120N O=OFF
c

- C INITIALIZATIONS
C

DATA TIMBUF/40000 00:00:00.1291
DATA (S(C),=1,24)/24*O..
DATA (L(I),,=1,12)11,00op 1p10,3*0,3*11
DATA (L(I),I=13,Z4)16"0,3*lr3*01

I DATA (C(1),X=1,12)/120/-
DATA (C0(I)oI1,12)112*0/
DATA ((),x=lo12)/12"0/
DATA (X(I),=1o6)16*01
DELTAT:.04
TIME2O.
F LAG=O

C
C SET TIMER

* CALL SYSSBINTIM(TIMBUFTIMADR)

C READ IN JETSEL, TABLE AND JET MAT ICES

OPEN(UNIT:2"NAME='CALFANO.DATAIRESPONSES.DAT'
+ TYPEz$OLD',FORM=*UNFORMATTED fREADONLY)

DO 115 1=1,44

'.

', _ - , _ -_, -. _. '-- .- -. . -, .. . ,.. , . .. . .. . .. .., ., . ., ...- .-. - .- • . . , .. . , , ,
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READ(2) CJETSEL(IpJ)pJ=1,9)
115 CONTINUE
C

Do 120 Iu1.12
READ(2) CTAeLEClIJ)pJzlo9);-r
READ(Z) CTABLE(2pIpJ)pJ=1,9)
READCZ) CTABLE(3vIpJ)pJ=1o9)
READ(2) CTABLEC4oIrJ)oJJ1.9)
READ(2)JETCI#I)
READC2)JET(2oI)
READCZ)JET(3ol)
READ(Z)JET(4oI)

120 CONTINUE
c

CLOSEMC2

C ECOCNECK DATA THAT WAS READ IN

c CALL ECOCHKCTA9LEPJET)

C

PRINT *of I - REAL TIME GRAPHIC SIMULATION,
PRINT *ol 2 - FAST GRAPHIC AUTOPILOT DEMO'
PRINT *ol 3 - FAST AUTOPILOT W1O GRAPHICS'
READ *PPIC

C
C SET UP AUTOPILOTP IF CHOSEN
C

-IF ((PIC .EQ. 2).OR.CPIC .EQa 3)) THEN
LM100
L(Z)1l
LC3)=1
LC4)zOIAPSW1l
APSTOP=35.

ENDIF
C
C READ IN FUDGE FACTOR
C

PRINT WB'Y WHAT FACTOR DO YOU WISH TO MULTIPLY6

PRINT *.STS RESPONSIVENESS ?s
READ *vFUDGE

C
C APPLY FUDGE FACTOR TO THRUSTER DATA
C

Do 37 1=1,44
D0 38 Ju1.9

JETSELCIoJ )JETSEL(IpJ )*FUOGE
38 CONTINUE
37 CONTINUE
C RA NMXRNTM
CREDI AXRNTM
C

STOPIT=10OO.
IF (PIC .EQ. 1) THEN

PRINT *,' HOW LONG DO YOU ANTICIPATE RUNNING ?e
PRINT W, (IF OVER 10 MINUTES PLEASE COORDINATE'p
*WITH SEILER)'
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READ *,STOPIT -

ENDIF
C
C READ IN TARGET ALTITUDE
C

PRINT *.' ENTER ALTITUDE OF TARGET (KM)"
READ *,ALT

C
C COMPUTE ROTATION RATE OF TARGET ABOUT EARTH ""'

4 C
OMEGA:SQRT(3986G0.8/ (ALT+6378.135)*-3)

C READ IN INCLINATION OF TARGET ORBIT
C

PRINT *ol ENTER INCLINATION OF TARGET ORBIT (DEG)'

READ *PINCLIN

C READ IN INITIAL SHUTTLE POSITION
C

PRINT *o' ENTER COORDINATES OF SHUTTLE FROM TARGET'
PRINT *P' XYZ CLOHESSY-WILTSHIRE FRAME (FEET)'
READ *pOLDX(1)pCLDX(2)rOLDX(3)

C
C ZERO VELOCITY AND ANGULAR MOTION ARE ASSUMED FOR SHUTTLE.
C SHUTTLE ALIGNMENT IS INITIALIZED SUCH THAT TARGET
C STARTS IN CENTER OF SCREEN (-Z IN BODY FRAME)

C
C INITIALIZE PS300 DISPLAY
C INITIALIZE BUFFER FOR PS300 MEMORY ADDRESS

C
IF ((PIC .EQ. 1).OR.(PIC .EQ. 2)) THEN

CALL PS30O(ALTPINCLIN)
CALL INITBUF(IBUFCHANIOSB)

ENDI F
C
C READ AND WRITE TO SHUTTLE MOCKUP
C

IF (PIC .EQ. 1) CALL IOBUFF(1,S,L,OVHDRESET)
C
C OPEN UNIT 20 FOR WRITING AND SET FORMAT.
C IF UNABLE, PRINT MESSAGE AND END PROGRAM
C

OPEN(UNIT=20FILE= STS.TRK' ,STATUS:*NEW I OSTAT=ISTAT)
IF (IOSTAT .NE. 0) THEN

PRINT *,'CAN NOT OPEN OUTPUT FILE'
PRINT *,*FILE = STSTRK°

PRINT *,'ISTAT =*IOSTAT
GOTO 999

ENDIF
444 FORMAT(9P',4(3X,F8.1)o4(3X,,F.6))
445 FORMAT('L',4(3X,F8.1),4(3X,F8.6)) . -. -.

C
C SET EVENT FLAG FOR WAIT COMMAND
C

CALL SYSSSETEF(7)

C
C RESET BEGINS HERE
C
135 CONTINUE

C
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C INITIALIZE PARAMETERS

SNAPC1)=O.0
SNAP CZ)=O.0
SNAP C3)0.O
FUEL (1)*0.0
FUEL CZ)0.O
FUEL C3)zO.0

WBCI )m0.O

FLAG=O
C

UP(1) =0.0001
UP(2)a1 .0

UPC3)a0.0001

X(1)=OLDXC1)
XC2)=OLDXCZ)
X(3)=OLDX (3)

* X(4)80.0
X(5)0O.0

RESET20

- C
*DO 175 =1, 12

C( I)=O
DC (I)ao

175 CONTINUE

HAFWAY=10000000-

C WRITE INITIAL POSITIONP TIMEP AND QUATERNION
*C TO UNIT 20

C WRITEC?0 444) XCI) XC?) XC3) TIMEQ(1) 0(2) 0(3) QC4)

C
C ALIGN SHUTTLE SO TARGET IS CENTERED IN WINDOW
C

CALL ALZGNCX(1)pXCZ)oXC3)rTQoUP)
C
C INITIALIZE LVIN REF TO ALIGNMENT QUAIERNION
C

REF(1)2aC1)
REF( 2) sQC?)
REFC3)=QC3)

REFC4)=QC) CUTR

- INITIALIZE COUTER

C
NLOOPSwO
PCOUNT=999
DELTImSEC4DSCO.)
TRKC NT2C
COUNT=O

C
C ITERATIVE LOOP BEGINS HERE
C
450 CONTINUE

........................C ..



E-8

C UPDATE COUNTERS
C

NLOOPS=NLOOPS+1
TIME=NLOOPS*DELTAT
PC OUNT PC OUNT +1
TRKCNT=TRKCNT+1
COUNT=COUNT41
FLAG=FLAG.1

C
C PICK APPROPRIATE THRUST RESPONSES.
C VALUES OF PICK ARE AS FOLLOWS:
C 1 - VERNIER
C 2 - PRIMARY
C 3 - PRIMARY WITH +Z INHIBITED
C 4 - PRIMARY wITH HIGH Z
C
C CHOOSE THRUST RESPONSES FROM DAP PANEL LIGHTS

C
IF (L(6) .EQ. 1) PICK1l
IF (L(5) .EQ. 1) PICK=2
IF (L(17) .EQ. 1) PICK=3
IF (LCIB) .EQ. 1) PICK=4

C SELECT RENDEZVOUS CONSTRAINTS (FROM DAP PANEL LIGHTS)
C

IF C(L(2)+L(3)) .GT. 0) THEN

DVY. 01
DVZ=.01
DWX=. 000175
DWY=.0001 75
DwZz.000175

8Y=. 02
DBZ=.02
MAXWX=.06
MAXWY=. 06
MAXWZ=.06

ELSE
DV K. 05
OVY=.05
Dvz=.05
DWX=.000873
DWY=.000873
DWZ=.000873
DBX. 1

DBZ:. 1
MAXWX=. 3
MAXWY=. 3
MAXWZ=.3

END! F

jC CHECK PULSE MODE LIGHTS

IF (L(22) .EQ. 1) CALL PULSE(P(l)jpP(2)pC(1)pC(2)pDVXr
DELTAT*JETCPICK,1),DELTAT*JET(PICK,2))

IF (L(23) -EQJ. 1) CALL PULSE(P(3),-P(4),-C(3),-C(4),DVY.,

*DELTAT*JET(PICKr 3),DELTAT*JET(PICK,4))
I F (L(4) .EO 1) CALL PULSE(P(5),P(6).PC(5),C(6),DVZ,



E-9

* DELTAT*JETCPICK,5),,DELTAT*JET(PICK,6))
IF (L(13) .EQ. 1) CALL PULSE(PC7)oPC8)PCC7)oCC8)PDWXP
*DELTAT*JET(PICK.7),DELTAT*JETCPICK,8))
IF CLC14) .EQ. 1) CALL PULSE(PC9)PPCIO),CC9),CC1O),DWY,
*DELTAT*JETCPICK.9)PDELTAT*JETCPICK,1O))
IF CLC1S) .EQ. 1) CALL PULSE(P(11),PC12),CC11),CC12)DWZ,

24 * DELTAT*JETCPICK.11),DELTAT*JETCPICKsIZ))

* c CHECK LVIN MODE USING COMM AND LITE -

C

LITE=O
IF (CCCC7)4C(8)*CC9)+CC1O)+CCII)*CC12)) .EQ. 0) COMNNI
IF ((L(16)+LC7)#L(8)4LC9)) .EQ. 4) LITE21

) IF CCLITE+COMM) .EQ. 2) THEN
CALL LVLH(CCOP4,REFPDBXPDBYPDBZP

* tBJET,DELTAT.MAXWXMAXWYNAXWZlPPICKT)
ENDIF

C
C CHECK DISC MODE LIGHTS

* C
IF CLC16) .EQ. 0) THEN

IF CLC7) .EQ. 1) CALL DISCJETPICK,7),JETCPICK.,8),,WBC1),
*DELTATMAXWX.CC7),CC8),CO(7) .C08),DS3X.SNAPC1))

5', IF CL(8) .EQ. 1) CALL DISC(JETCPICK,9).JET(PICK.10),W8C2).
*DELTATRAXWYgCC9),CC10) ,C0C9),COC1O),DSYSNAPC2))

IF (L(9) .EQ. 1) CALL DISCCJETCPICK,11)vJET(PICK'12)i'WSC3),
*DELTATMAXW',CC11),CC12).COCI1),CO(1 2).D9Z,-SNAPC3))
END! F

C
C CHECK IF THE AUTOPILOT (A OR 8) IS SELECTED
C A -DIRECT APPROACH
C 8 CLOSED LOOP CLOHESSY-WILTSHIRE
C

IF (LC3) .EQ. 1) THEN

*C ZERO OUT THC COMMANDS
C

CC 3)*
C(4)0O
C(5)0o
C C6)=0

C
C PREDICT POS/VEL PRODUCED BY RHC COMMANDS AND DRIFT
C.

FXC1)zX Cl)
FX(2)=X(Z)
FXC3)xXC3) e

* FXC4)xXC4)
FX CS)u(5)
FXC6)uXC6)

C
* CALL THRUSTCJETSELASANGGASCPICKTABLE)
* CALL OTOR(TPABPAR)

CALL LINTEGCFXPOPEGAPARPDELTAT)
C

*C CHOOSE PROPER AUTOPILOT
C
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IF (L(1) .EQ. 1) THEN
CALL APILOT(L,CREF,X,FXT,APSW,S(3),AP,DELTAT,9,APSTOP, JETPICK)"-i .

ELSE
CALL BANANACFXPOMEGACTREFoLo
S(3).APSWQoHAFWAYRTDELTAT.UPJETPICKRVX)

END F
ENDIF

C
C IF NO OTHER MODE IS CHOSEN, NORM/ACCEL MODE IS ASSUMED.
C COMMANDS REMAIN THE SAMEP SO NO SUBROUTINE IS NEEDED.
C
C APPLY COMMANDS (C) TO RESPONSE MATRIX (JETSEL)
C

CALL THRUST(JETSELAB,ANGGASC.PICK,TABLE)

C TRANSLATE BODY ACCELERATIONS (AB) TO REF FRAME (AR)
C

CALL BTOR(TPABPAR)
C
C APPLY ACCELERATIONS TO DETERMINE POSITION CXCI-3))
C AND VELOCITY (X(4-6)) OF SHUTTLE RELATIVE TO TARGET
C USING CLOHESSY-WILTSHIRE EQUATIONS.
C

CALL LINTEG(XCMEGAARDELTAT)
C
C APPLY ANGULAR ACCELERATIONS TO FIGURE QUATERNIONS AND NEW T MATq-.-
C

CALL ROTATE(ANG,DELTAToUBQT)
C
C UPDATE FUEL USED '- -
C

DO 900 I13
FUEL(I)=FUEL(I)+GAS(I)*DELTAT

900 CONTINUE
TFUEL=FUEL(1)+FUEL(Z)+FUEL(3)c

C DETERMINE TARGET POSITION AND ATTITUDE
C AS SEEN THRU AFT BAY WINDOW.
C FOR REAL SIMULATION, DISPLAY ON THE PS300.
C

IF (PIC .EQ. 1)
CALL LOOK(T,XOMEGA,TrME,TFUELIBUFCHANIOSB)

C
IF ((0IC EQ. 2).AND.(COUNT EQ. 13)) THEN

CALL LdOK(T.XOMEGAoTIMETFUEL,18UFCHANIOSB) -,-

COUNT=O
ENDIF

C
C WRITE POSITION. TIME, AND ATTITUDE DATA
C TO UNIT 20 EVERY 10 SECONDS.
C

IF (TRKCNT .GE. 250) fHEN
WRITE(2O,445),X(1),X(2)oX(3),TIMEQ(1),Q(2),Q(3),Q(4)
TRKCNT=O

ENDIF
C
C UPDATE OLD COMMAND ARRAY (CO)
C

DO 950 1=1,12
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CO(I)=DC(I)
950 CONTINUE
C
C UPDATE AUTOPILOT SWITCH
C

APSW=S(3)
C
C PRINT TO SCREEN EVERY 1000 ITERATIONS IF PIC=3
C ,*-

IF ((PCOUNT .GE. 1000) *AND. (PIC -EQ. 3)THEN
PCOUNTmO
PRINT *r' RANGE (FT) RANGE RATE CFPS)ep

*FUEL USED ((.35) TIME CSEC)s
RANGEURSQRT(X(1)**2,X(2)**2,XC3)**2)
RRATEUCXC1)*X(4)*XC2)*XC5).X(3)*XC6) )/RANGE

PRINT *.RANGERRATECFUELC1 )*FUEL(2)*FUEL(3) ),TIME
ENDIF

C
*C ZERO OUT SWITCHES AND RESTORE THRUST COMMANDSP

C SET MANUAL LIGHT FLASHING IF AUTOPILOT ON
C

.40D 645 1uls12
S(I)=O
S(1412)=O

N CCI)SOC(I)
645 CONTINUE
C

IF ((LC3).EQ.1).AND. C(TIME-INT(TIME)).GT..5)) LC4)zl
C EDSICE ADTHUTCMAS OSHTL MOUP
C RE TOW LIHS NDA PANELT COFNSF SHUTTLE MOCX
C WI E RESET IBUTON HEDA FORANEL SO D SHUTOP POOGRA.
C IF RESET CUTOMNDED GOR TON 135SOPPOGA

% C ICALL E CO8MF( ASDED RGO T )3

IF ((PlC .EQ. 1).AND.(FLAG .GE. 3)) THEN

CALL SYSSSETIARC7pTlMADRop)
IF (RESET .EQ. 1) THEN

* RESTOPuRESTOP+1
IF (RESTOP .EQ. 15) GOTO 999
GOTO 135

ELSE-
RESTOP,&O

ENDIF

FLAG*O

C CHANGE INPUT TO REFLECT OVERHEAD LINE OF SIGHT
C

DC (1 )OVHD(6)
DC C2)20VND(5)
DCC3)xOVND(3)
DC C4)zOVHD(4)
DC (5)S30VHD (1)
OC (6) =0VHD (2)
DC (7)=0VHD (12)
DC(S)=OVHD CII)
DC (9)aOVHD (9)
DC (10 ) OVHD (10)
DC (11)zOVHD C?)
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DC 12)OV4 (8)-
C
C ASSIGN REAL COMMAND ARRAY (C) WITH DUMMY COMMANDED VALUES .Y. ')
C THIS IS TO PRESERVE DATA READ FROM THC/RAC WHILE PROGRAM
C CHANGES C ARRAY DUE TO VARIOUS SELECTED MODES
C

DO 475 1=1,12
C(I)2DC(I)

475 CONTINUE
* C

ENDIF
C
C IF AUTOPILOT ON, SET L4) (MANUAL LIGHT) TO ZERO

C
IF (L(3) .EQ. 1) L(4)=O

C
c APPLY SWITCH COMMANDS TO DAP PANEL LIGHTS
C

CALL SWITCH(SL)
* C

C
C RETURN TO 450 FOR NEXT ITERATION
C

IF (NLOOPS .LT. C1500*STOPIT)) GOTO 450
C
C COMPUTE AVERAGE LOOP TIME
C

DELT2=SECND S (DELTI)
PRINT *p* AVERAGE LOOP TIME = IDELT2/NLOOPSP* SECONDS#

C
C CLOSE UNIT 20
C

CLOSE(20)
C
999 CONTINUE
C

END
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SUBROUTINE ALIGNCXPYPZPTPQPUP)

C COMPUTES BODY AXIS COMPONENTS IN REFERENCE FRAME.
C ZBOD IS THE POSITION VECTOR. XSOD AND Y90D
C COMPLETE THE RIGHT HANDED SYSTEM.
C DETERMINES QUATERNION (0) AND TRANSFORMATION r

C MATRIX CT).
C ~

REAL XPYPZPTC3*3)PQC4)PUPC3)PCONST
REAL XBODC3)PYDOD(3)PZBOO(3)

C
C CAMERA VECTOR BODY COMPONENTS (0,0,-i)
C

ZBOD )MUX
ZBOD(2)ZY
ZBODC3)az

C
C DO NOT ALLOW ZSOW TO LIE DIRECTLY ON AN AXIS.
C THIS IS DONE TO PREVENT QUATERNIONi AMBIGUITIES.
C

IF CABS(ZDODC1)) .LT. .001) ZOODCI)2.O01
IF (ABS(ZBODC2)) .LT. .001) Z8OCZ)u.0O1
If (ABS(ZaOO(3)) .LT. .001) ZaDD(3)2.001

C COMPUTE TRANSFORMATION MATRIX
C

CALL UNITIZE(ZOD)
CALL CROSSCYSODPZSOD*UP)
CALL UNIrIZECYBOD)
CALL CNOSSCXBODPYBODP2BOD)
CALL UNITIZECXBOD)

UPC1 )SXBOD(I)
UP (2 )*XeOD( 2)

C UPC3)mXBOD(3)

T(i.1)mXBOD(1)
T(1. 2)UYB0D l)
TC(I p3) aZBOD ( I

T CZ2, 2) aYB00 (2) -.

T2,3)2ZBOD C?)
T(3.1l)=XBODC3)
T3, 2)*YBOD (3)

T(3, 3)=ZIOD (3)
C
C COMPUTE QUATERNIONS
C

0(4)21.O*TC1,1)+TCZ,2)*1C3p3)
IF (0(4) .LT. .lE-30) QC4)z.IE-30
0C4)sSORT(0 (4) )I2.O
Q(l)=(TC3r2)-T(23))/C4.0*QC4))

C

CONSTUSQRT(QC1).OCi),0(Z)*G(2),0C3)*Q(3)+QC4)*QC4))
O(1)zQ~l)/CONST
0(2) p0(2) ICONSY

. . .................................... . .... .. .. .
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O(3)Q&(3)/CONST

OM )aQ(4)/CONST

END

- -
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SUBROUTINE APILOTCLC.REFXFXTOLDSWvNEWSW.
* APPOELTAT*Q#APSTOPPJETPPICK)

C THIS AUTOPILOT FLIES THE SHUTTLE DIRECTLY TO

C TARGET (DIRECT APPROACH) USING LVLH FOR ATTITUDE
c CONTROL. IT $THINKS# ONE ITERATION IN ADVANCE
C USING PREDICTED POSIVEL DUE TO RHC THRUSTING
C AND ORBITAL DRIFT.
C

REAL REF(4).X(6),MAXDoDELTAV(3),VDBDELTAT
REAL AP(4),DP(3),Q(4),APSTOPFX(6).JETC(,12)
REAL DELVB(3),T(33),RANGEREV(3)
INTEGER L(24)C(12),,OLDSW NEWSW,PICK

C
C REF - REFERENCE QUATERNION FOR ATTITUDE CONTROL
C X - PRESENT POS AND VEL OF SHUTTLE FROM TARGET
C FX - FUTURE POS AND VEL OF SHUTTLE FROM TARGET
C MAXD - MAX DISTANCE CHANGE FOR ONE ITERATION
€ ~.C DELTAV - VELOCITY CHANGE (TARGET FRAME)
C DELTAT - TIME INCREMENT
C VD- VELOCITY DEADBAND
C AP - REFERENCE UNIT VECTOR FROM TARGET TO SHUTTLE
C OP - DESIRED POSITION
C DELVB - VELOCITY CHANGE (BODY FRAME)
C T - TRANSFORMATION MATRIX
C L - DAP PANEL LIGHTS
C C - THC/RHC COMMANDS
C OLDSW - LAST POSITION OF AUTOPILOT SELECT SWITCH
C NEWSW - PRESENT POSITION OF AUTOPILOT SELECT SWITCH
C APSTOP - RANGE YOU WISH TO MAINTAIN FRCK TARGET
C REQV - REQUIRED VELOCITY
C Q - PRESENT GUATERNION
C
C COMPUTE RANGE

RANGE=SQRTCXCl)*X(1),X(2)*X(2)*X(3)*XC3))
C

* C INITIALIZE LIGHTS AND COMMANDS
C

DO 100 1-1.12
L(I)=O
LCI*12)xO

4 100 CONTINUE

LC3)ul

L(8)"1 .. I

L(9)al
LC16)"

*L (20)"1.'l' -

C
C COMPUTE MAX DISTANCE CHANGE -:':-.:
C

MAXD=.005*(RAN6E)*DELTAT
IF (RANGE .LT. 1.5*APSTOP) THEN

MAXDSMAXD*(RANGE-APSTOP)I(.5*APSTOP)
ENDIF

C
C SWITCH TO LOW Z INSIDE 200 FEET

I.., .

,, .. ',- % , , ,.", , -, - , , - . -; -. . ... . . .. .- . .... . ..~ -- 2 . . .. - . . . .. -.
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C
IF (RANGE .GE. 200.0) THEN

ELSE

END! F

C CHECK TO SEE IF AUTOPILOT JUST SELECTED

If COLDSW .NE. NEWSW) THEN

C SET REF TO PRESENT QUATERNION
C (TO BE USED BY LVLN) ..-

C

REF(2)sQ(2)
REFC3)=Q(3)
REF (4) =Q(4)

C
C SET REFERENCE VECTOR
C

AP(1)XM1IRA4GE
APC2)=X(2)/RANGE
APC3)=XC3)IRANGE a
APC4)=RANGE*1 .0

C
END! F

C FIGURE DESIRED FUTURE POSITION (DP) (+2 ITERATIONS)

IF (ABS(RANGE-APSTOP) .LT. ASAPC4)-APSTOP)) TNEN
AP(4)=RANGE

ELSE
MAXD:O0.0

ENDIF

DP(1 )=CAP(4)-2.0*MAXD)*APC1)
DPC2)=CAPC4).-2.0*MAXD)*APCZ)
DP(3)u(AP(4)-2.0*MAXD)*AP(3)

CjC COMPUTE REQUIRED VELOCITY (NEXT ITERATION)
C

REQV(1 )zCDP(1)-FX1) )IDELTAT
REQVC2)=(DP(2)-FXCZ) )/DELTAT
REQV C3)=(DPC3)-FX(3) )IDELTAT

C
C FIGURE VELOCITY TO BE GAINED CDELTAVp TARGET FRAME)
C

DELTAV(1 )=REQv(1 )-FX(4)
DELTAV(2)=REQV(2)-FX (5)
DELTAV(3)=REQV(3)-FX (6)

* C
C TRANSFORM TO BODY FRAME
C

CALL RTO8(TpDELTAVpDELV9)
C
C DETERM4INE IF THRUST IS REQUIRED
C (VOB IS VELOCITY DEADBAND)
C

VDSuI .1*DELTAT
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If COELYSCI) ST. VSBeJET(PICKPI)) CC1)=l
IF C:ELV9CI) ALT. VDB*JETCPICICP2)) C(2)U1

I(DELVS(2) ALT. VOB*JETCPICKP4)) CCI.)z1
IF (DELVSC3) .GT. VDB*JET(PICKP5)) C(5)=1

IF CDELV9(3) ALT. VDB*JETCPICK#6)) C(6)21

ENDS
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SUBROUTINE ARM h

C
C THIS ROUTINE BUILDS THE PAYLOAD ARM ON THE 9S300
C ALL DIMENSIONS ARE 1k FEET.

INCLUDE IPROCONST.FOR/NOLrST'
C

REAL*4 VC3)
C
C COMMANDS FOR WRIST ROLL
C

C SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCl1xa'J

CALL PFN( 'WRROLLPYROTATE' .ERR)

CALL PCONNC'DIALS .1,1,' WRROLL '.ERR)

C
C NCALLPTST ACCUCCMACU UL TR

C

CALL PSNREACO.O.2'ACCUMULATERR

- CALL PStREAC.1,3o'ACC1 'pERR)
CALL PSNREAC.p,4ACCl'pERR)

CALL PSNREA(447.Oe,5fACC1'pERR)
CALL PSNREAC-44?.O6ACC1VERR)

C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAMp CALL PCONN(QACC1 .,1,*WRIST.ROLL'pERR)
C
C
C COMMANDS FOR WRIST YAW
C
C SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCTION
C

CALL PFNC'WRYAW',ZROTATE*,.-RR)
C

CALL PSNST('WR YAW*1, 'DLABELZ'#ERR)
CALL PCONNCmDIALS*2yl,'WRYAW' iERR)

- C

C CONNECT INPUTS TO ACCUMULATOR

CALL PFN(4ACC2'pACCUMULATE',ERR)

CALL PCONNe*WRYAW' ,1p,,ACC2ZERR)
CALL PSNREACO.OP,'ACC2*,ERR)
CALL PSNREA(0.1,3r ACC2'fERR)
CALL PSNREA(1.CP4,.ACC2'PERR)

*CALL PSNREA(12O.0,5p*ACC2'pERR)
CALL PSNREA(-120.3J,6,'ACC2',ERR)

C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAM
C

CALL PCONN('ACCV,1.1, 'WRIST.YAW ,ERR)
C
C
C COMMANDS FOR WRIST PITCH

.Z n. . . . .: . . . .. . .~;.. ~ --
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C
C SEND LABEL TC DIAL AND CONNECT TO NOTATE FUNCTION

CALL PFNCOWRPXTCNPXROTATE*PERR)

C

C CONNECT INPUTS TO ACCUMULATOR

C

CALL PCONNCOWRPLTCNO,1,1,'ACC3$,ERR)
CALL PSNREACO.O.Z.'ACC30PERR)
CALL PSNREA(O.IP3,*ACC3*,ERR)
CALL PSNtREAC1.O,4'ACC3*pERR)
CALL PSREACJ20.O,5p'ACC3'pERR)
CALL PSNREAC-120.,6,ACC3*,ERR)

C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAM
C

CALL PCONNC'ACC3'.1.1,'WRIST.PITCH%,ERR)
C
C
C COMMANDS FOR ELBOW PITCH$
C
C SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCTION
C

CALL PFNCOELPITC4%''XROTATE',ERR)

CALL PSNST('EL P!TCIPWOj.LABEL4',ERR)
CALL PCONNCDOIALSp4,1,OELPITCH%,ERR)

C
C CONNECT INPUTS TO ACCUMULATOR
C

CALL PFNC'ACC4','ACCUMULATE',ERR)

CALL PCONNCELPITCN%,lg'vACC40vERR)
CALL PSNREA(O.0*2ZsACC4%,ERR)
CALL PSNREACO.1*3sACC4',ERR)
CALL PSNREAC1.OP4,ACC4**ERR)
CALL PSNREAC16O.O.5*'ACC4*PERR)
CALL PSNREAC-2.0,6vACC4%pERR)

C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAM

- C

CALL PCONN(OACC4$,1.1,ELBOW.PTCN',ERR)
C
C COMMANDS FOR SHOULDER YAW
C
C SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCTION

* C
CALL PFN('SNYAWOZROTATE.oERR)

C
CALL PSNST(4SH YAW'1,'DLABELS',ERR)

C CALL PCONN(QDIALS'p5pl'SMYAW',ERR)

C CONNECT INPUTS TO ACCUMULATOR
C

CALL PFN(OACC5'P*ACCUMULATE'%ERR)
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CALL PCONNC 'SHYAW'pl1,1,'ACC5'oERR)
CALL PSNREACO.O,2p'ACC5'pERR)
CALL PSNREA(O.1p3p ACC5%pERR)
CALL PSNREA(1.O,4p'ACC5'pERR)
CALL PSNREA(180.O,5p'ACC5'pERR)

CALL PSNREAC-180.O,6p'ACC5'pERR)
C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAM

C
C CALLS FCORN. ACCOULDER PITCHOUDRER

c/

c SENDLABELTO DIAL AND CONNECT TO ROTATE FUNCTION

C

p CALL PSNST(*SH PITCH'P1o' DLA8EL6' ,ERR)
CALL PCONN( *DIALS' ,6,1p' SHPITCH ,ERR)

C CONNECT INPUTS TO ACCUMULATOR
C

CALL PFNC'ACC6*'ACCUMULATE',ERR).1 C CALL PCONN( 'SHPITCH~o1,1 ACC6'pERR)

CALL PSNREA(O.Op2,'ACC6%'ERR)
CALL PSNREA(O.1 ,3p'ACC6'oERR)
CALL PSNREA(1.O,4o*ACC6'pERR)
CALL PSNREAC2.0*5o'ACC6*PERR)
CALL PSNREA(-145.Q,6s'ACC6*eERR)

C
C CONNECT ACCUMULATOR OUTPUT TO PROGRAM
C

CALL PCONNC 'ACC6',1.1,*SHOULDER.PITCH' ,ERR)
C
C CREATE A 3D VECTOR (IN FEET) TO TRANSLATE ARM
C

CALL PFNQ*XYVEC'P*VEC'PERR)
CALL PFN(9'XYZVEC ','VEC'p ERR)
CALL PCONN(' KYVEC'P1,1,'XYZVEC*PERR)
CALL PCONN('XYZVEC,1,1,o'SHOULDER.TRANPERR)

C
w. C

C BUILD A WRIST
C

CALL PBEGS(@WRISTOPERR)
CALL PROTX(4PITCH ,O.O,4"'rERR)

VC1 )=.541 5
- V(Z)=1.23

V(3)=.5415
CALL PSCALE ('",rV,'CYLINDER' ,ERR)

V01 )=O.O0
V( 2)=1.23
V(3)0O.O

CALL PTRANS('"'pV '"'pERR)
CALL PROTZ('YAW,0.Op'"hERR)
CALL PROTYC' RCLL',O.O,'"w,ERR)

VC1)=. 5415
V2) =4.93
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VC3)j.5415
CALL PSCALE(*'*fVP*CYLINDERPERR)

CALL PENDSCERR)
C
C BUILD A FOREARM (W/ ELBOW)
C

4 CALL P9EGSC*ELBOWIPERR)

VCZ)=O.O
V(3)=. 5415I- CALL PTRANSC'"*PVP P'ERR)

CALL PROTXCIPZTCH'P..O."'PERR)

VC2)=O.O
V(3) 2-*5415

CALL PTRANSC'"'PVP'"*PERR)i 'V(1 )=.541 S
V4(2 )=23. 1625
V(3)=.5415S

CALL PSCALE('"%Vr*CYLXNDER9PERR)

V(2)=23.1625

CALL PTRANSC'"*PVP'WRIST'PERR)

CALL PENDSCERR)
C
C BUILD THE SHOULDER
C

kilo CALL PBEGS(ISNOULDER*PERR)

V(2)=O.O

VC3)=O.O
CALL PTRANS(*TRANvrV,'"lfERR)

0.9 ~ CALL PROTZQU,'90.O.ICYLPERR)
V(1)=.58
V(2)=1.053

- V(3)z.58
CALL PSCALEC'CYLrVoCYLINDER'vERR)
CALL PROTXC"'.90.OjA"'ERR)
CALL PROTXC'PXTCH.O0.0o*'.ERR)
CALL PROTZ('YAW'fO.Op''ERR)5 V(1 )=.541 5

V(2 )=20.921
V(3)=.5415

CALL PSCALEC*",VP'CYLINDERPERR)
V(1)uO.C
V(2)=20.921

CALL PTRANS('*'#V,''EL8OW',ERR)
CALL PENDS(ERR)

C
C RESCALE SHOULDER FROM FEET TO KM AND NAME IT 'ARM'
Cj - VC1)u.OOO3O48

* V(2)=.0003048
VC3)=.0003048

CALL PSCALEVARMIPV,'SHOULDER*PERR)
- C

END
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SUBROUTINE BANANA (X, OMEGA, C,T,REF,L,
*NEWSWOLDSWQ.HAFWAYRTDELTATUP,J ETPICKPRVX)

c
C THIS IS AN EXPLICIT GUIDANCE SCHEME.
C IT SOLVES THE CLOHESSY-WILTSHIRE EQUATIONS FOR
C VELOCITY REQUIRED (VXIVY.VZP TARGET FRAME) GIVEN
C A SPECIFIED RENDEZVOUS TIME (RT). VELOCITY TO
C BE GAINED (DELTAV) IS THEN COMPUTED AND TRANSFORMED
C TO BODY FRAME (DELVB). IF OUTSIDE THE VELOCITY
C DEADBAND (VDB), THRUST IS COMMANDED.
C LVLH IS USED TO MAINTAIN ATTITUDE WITH REPEATED
C CALLS TO 'ALIGN'.
C

REAL X(6),OMEGAREF (4),DUMT(3,3),VXVY
REAL T(3,3)*DELTAV(3),DELVE(3)-A,D-E,F
REAL RANGEB .VZQ(4, ,HAFWAY.RTDELTATUP(3)
REAL POS(3),BPCS(3),JET(4,12),RVX 4

INTEGER C(12),IL(24),NEWSWCLDSWPICK
C
C L - DAP PANEL LIGHTS
C T - TRANSFORMATION MATRIX
C DUMT - DUMMY TRANSFORMATION MATRIX
C REF - REFERENCE QUATERNION FOR LVLH MODE

C OMEGA - ROTATION RATE OF TARGET ABOUT EARTH

C C - COMMAND SWITCHES
C DELTAV - VEL CHANGE (TARGET FRAME)
C DELVB - VEL CHANGE (BOD FRAME)
C RANGE - RANGE FROM TARGET

C RT - RENDEZVOUS TIME (SECONDS) -

C ABDEF - INTERMEDIATE VARIABLES ... L.A
C VXVYtVZ - VELOCITY NEEDED
C NEWSW - PRESENT CONDITION OF S(3)
C OLDSW - LAST CONDITION OF S(3)
C HAFWAY - HALF DISTANCE TO TARGET
C XC6) - FUTURE PREDICTED POS/VEL
C DELTAT - TIME INCREMENT
C UP- UP VECTOR (FOR ALIGNMENT)
C JET - ACCELERATION AVAILABLE (F/S**2)
C PICK - THRUST PROFILE SELECTED
C RVX - FINAL RENDEZVOUS OFFSET DISTANCE
C
C INITIALIZATIONS
C

RANGE=SQRT(X(1)*X(1) X(2)*X(2)+X(3)*X(3))
C

DO 100 1=1,12
L(I)=0
L(I 12): =

100 CONTINUE
C
C SET DAP PANEL LIGHTS
C

L(2)=1
L(3) =1
L(5)=1
L(7)=1"

*L(8)=1- -'l

L(9) =1
L(16)=I

I
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L(20)aI

C USE LOW I FROM 60-200 FEET

IF~ ((RANGE.LE.200.O).ANO.CKANGE.GE.60.)) THEN

L(I7)1
EL SE
L(21)x1

ENDIF

c UPDATE TIME TO RENDEZVOUS

C
RTsRT-OELTAT

C

C CHECK TO SEE IF AUTOPILOT JUST SELECTEDI
IF COLDSW .NE. NEWSJ) THEN
HAFWAYuI aooooo.
RVXaO.

ENDIF
C
C CHECK TO SEE IF YOU ARE $HALFWAY* THERE
C (ACTUALLY 415 OF THE WAY THERE)
C

IF (RANGE .LT. HAFWAY) THEN
RT-4.*RANGE
IF CRT .GT. 1200.) RTml200.

.- :.. IF (RANGE G6E. 250.) THEN
HAFWAY=250.

ELSE
HAFWAYw(RANGE-35.)/5.*35. -.

ENDIF -

IF (X(I .LT. 0.0) THEN
RVX=435.

ELSE
RVX-35.

ENDIF
ENDIF

C
*IF CRT .LT. 0.0) RTx100.

£
C COMPUTE NEW REFERENCE QUATERNION BASED ON POSITION
C

CALL ALIGN(X(1)PX(2),XC3),DUMTvREF.UP)
C

-C CHANGE XCI) TO MISS HITTING TARGET BY
C RVX DISANCE FEET
C

X(l)ZE(I)+RVX
C
C COMPUTE DELTAV (TARGET FRAME)
C

SWNSINCOi4EGA*RT)
CW=COS(OMEGA*RT)

C
As-3.0*RT+4.0*SWIOPEGA
8z(2.OOEGA)*(CW-I .0)

* -. F2XCI)-6.0OOEGA*XC2).RT+6.0*X(2)*Sw
D=SW/OMEGA
fu4* 0*X C2)-3.0*X(z)*Cw
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C
VYzC-E-F*B/A) / C*B/A4D)
VXC(-B*VY-F)/A
VZ=-X(3)*OMEGA*CW/Sw

C
DELTAVC1)=VX-X C4)
DELTAV(2)=VY-X CS)
DELTAV(3)=VZ-X(6)

C TRANSFORM TO BODY FRAME

CALL RTOB(ToDELTAVPDELVB)
* C

C DETERMINE IF THRUST IS REQUIRED
C VD9 IS VELOCITY DEADBAND
C

VDB=1 .1*DELTAT
C 4~

IF (DELV8C1) .GT. VD9*JET(PIC(,1)) CCI)z1
IF CDELVB(1) .LT. VDB*JET(P1'C4(2)) C(2)1l
IF (DELVS(2) .GT. VDS)*JET(PICK,3)) CC3)=1
IF CDELVB(2) .LT. VDB*JET(PICKP4)) C(4)21
IF (DELV9(3) .GT. VDB*JETCPICKP.5)) C(5)1l
IF CDELVB(3) .LT. VOB*JET(PICKf6)) C(6)=1

C
END

- -o

-4
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SUBROUTINE BTORCTPODREF)
£
c TRANSFORMS FROM SOD TO REF FRAME GIVEN TRANSFORMATION MATRIX T

REAL TC3r3)oUODC3)PREFC3)

-~ C REFC1)aBODC1)*TCIvl)4900C2)*TCI.,2)4SOD C3)*TCI,3)
REFC2)asODCI)*TCZ,1).DODC2)*TCZ.,2).BODC3)*TCZ,3)
REFC3)=BODCI)*TC3,1).BODCZ)*TC3,2),SODC3)*TC3,3)

C .

END

-l7
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SUBROUTINE CHECK(ANGDBWBC 1C2,JET1-JET2,MAX.DELTAT)
C
C THIS SUBROUTINE EXAMINES ANGLE (ANG) AND BODY RATE (WB)
C TO DETERMINE THRUST REQUIRED TO RESTORE ANGLE WITHIN .- ,- .
C DEADBAND D8) WHILE NOT EXCEEDING MAX BODY RATE (MAX)
C A WINDOW IS SET UP (SA) TO STOP ROTATION. IF INSIDE WINDOW !
C AND APPROACHING ZERO,, THRUST TO STOP.
C

REAL ANGDBWB,JETI.JET2,MAX,DELTATPSA
INTEGER CIPC2pN

C
C DELTAT - TIME INCREMENT
C SA - STOP ANGLE (ANGLE REQUIRED TO MAKE W920) ;.-
C N - COUNTER FOR STOP ANGLE SOLUTION
C JET - ANGULAR ACCELERATION AVAILABLE
C
C INITIALIZATIONSc

C2=0
.I C

C CHECK IF OUTSIDE DEADBAND
C

IF (ABS(ANG) .GT. D3) THEN
C

--. C CHECK IF WB iS GOING AWAY FROM SNAPSHOT AND CHOOSE THRUST

C
IF (ANG*WB GE. 0.0) THEN

IF (ANG .GT. 0.0) C2=1
IF (ANG .LT. 0.0) C11"

ELSE "'
C
C ELSE WB IS MOVING TOWARDS SNAPSHOT. DETERMINE STOP
C ANGLE (SA) AND CHOOSE THRUST.
C

IF (ANG .GT. 0.0) THEN
SA=ABS(.5*WB*WB/JET1)+DB*.9

C N=INT(-WBI(JET2*DELTAT))
C SAzABS(N*WB+JET2*DELTAT*N*(N-I)12.O)*DELTAT+.9*DB

IF (ANG .LE. SA) Cl=1
SA=ABS(C 5*(WB+JET2*DELTAT)**2/JET1)

SA=SA+.9*DB+WB*DELTAT
IF (ANG ,GT. SA) C2=1

ELSE
SA=ABS(.5W B*WB/JET2)+DB*.9

C N=INT(-WI(JETI*DELTAT))
C SA=ABS(N*WBJET1*DELTAT*N*(N-1) 2.O)*DELTAT+.9*D-

IF (ABS(ANG) .LE. SA) C2=1
SA=ABS(.5*(WB+JET1*DELTAT)**2/JET2)

SA=SA+.9*DB WB*DELTAT
IF (ABSCANG) •GT. SA) C1=.

ENDIF
ENDIF

ENDI F
C
C COMPARE RATES TO MAX RATE AND SET THRUST COMMANDS
C

IF (UB .GT. 0.0) THEN
IF ((WB+DELTAT*JET1) .GT. MAX) C1=0
IF (UB .GT. MAX) C2=1

..... -. *1
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EL SE
I F ((bi8+VELTAT*JETZ) .LT. -MAX) C2=0 -

I F (WO .LT. -MAX) CIO
ENS? F

END

,.4.
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SUBROUTINE CROSS(A8PBC) %

C
C COM4PUTES AB-8X C
c

REAL A(3),9C3)oCC3)
c

ACI)=BCZ)*CC3)89(3)*C(Z)
AC2)=9C3)*CC1)5(1 )*C(3)
AC3)BC(1)*C(2)9C(2)*CCI)

C
END

i A

L- 7-



E-29

c SUBROUTINE DISCCJET .JETZWBgDELTATMAX.C1,C2,COIC02,DSANG)

C ATTITUDE CONTROL SCHEME FOR ONE BODY AXIS. ALSO
C APPLIES DISCRETE RATE (MAX) TO PRESENT BODY RATE (WB).
C IF DISC RATE WILL BE (OR IS BEING) EXCEEDED, COMMAND (C1,C2)
C IS SET TO BRINGIMAINTAIN RATE WITHIN LIPITS.

REAL JET1,JETZDELTAT.MAXWBToD,,SAPANG
INTEGER C1.C2pCO1CO2

C
C ANG ANGLE FROM WHEN SNAPSHOT TAKEN
C SkAP " TRIGGER TO TAKE NEW SNAPSHOT
C CO1.2 - OLD COMMAND FROM RHC
C C1#2 - PRESENT COMMAND FROM RHC
C 00 - DEAlBAND WIDTH (WI-)
C JET1.2 - ANGULAR ACCELERATION AVAILABLE
C W- BODY RATE (FOR SELECTED AXIS)

C CoM1PUTE PRESENT ANGLE FROM SNAPSHOT ANGLE

ANG"ANG+W@*DELTAT

C TAKE SNAPSHOT (SNAPu1) ]IF CONTROLLER HAS JUST BEEN MlOVED TO NEUTRAL ....
C

SNAP-O
IF C(CI+CZ) .EQ. 0) THENIF C((€0-€1) ST,, 0) SWAP21 """

. . ,- ]iF ((CO2-C2) SGT. 0) SNAPuI"''...

If (SNAP .EQ. 1) ANGO.O"

S_DETERPINE THRUST PROFILE
C

CALL CNECKCANGDBoWBoCI*C2JETIJET2,
HAXoDELTAT)

C p..

ELSE ,-'

C
C COMPARE RATES TO MAX RATE AND SET THRUST COMMANDS
C

IF (WO .GT. 0.0) THEN
IF ((WB.DELTAT*JETI) .GT. MAX) C1=0
IF (WO .GT. MAX) C2=1

ELSE
IF ((WB*DELTAT*JET2) LT. -MAX) C2=0
IF (W6 .LT. -MAX) CizI

ENDIF
ENDIF
END

I i-il
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SUBROUTINE ECOCI4KCTABLEPJET)

c EOHC OF TAL AND JET

REAL JETC4pI2)
INTEGER IpJpTABLEC4p12p-9)

c
175 FORM4ATC1X.A5,3X,9C1X.I2),5XF8.5)

PRINT *,CCHARC(Y27) ,CHARCO72),CHARCOZ7) ,CHARCO74))
PRINT W, ECOCHECK OF VERNIER THRUSTER TABLE AND ACCELl
PRINT W,
PRINT 175,' + X',CTABLE(1.1,J).J=1,9),JET(1,1)
PRINT 175o' -X',CTABLEC1,2,J).Jzl1.9),JETC1,2)

PRINT 175p' + Y',CTABLE(1.3,J)sJ=1,9),JETC1.3)
PRINT *

PRINT 175o' -Y',(TABLEC1,4,J),J=1,9)PJETCl,4)

PRINT 175,' + Z',(TABLE(1,5,J),J1l,9),JET(1,5)
PRINT 175,1 Z',CTABLE(1,6,J),J1,r9),JETC1,6)
PRINT *of I

PRINT 175,'+ ROL'. CTABLEC1.7.J),J!1,9).JETC1.7)
PRINT 175,'- RCL'.(TABLEC1,8,J).isl,9),JETC1,8)
PRINT 175,'+ PCH'.CTAI3LE(1,9,J),J=1,9),JET(1,9)
PRINT W,
PRINT 175o'- PCH', (TABLE (1,1 0J),J=1,9),JETC1.1O)
PRINT 175,'+ YAW.,(TABLECI.1 1,J),J=1,9),JETC1.11)
PRINT 175.'- YAW',(TABLEC1,1 2,J),J'r1,9),JETC1,1Z)
PRINT*'
PRINT W, HIT RETURN TO CONTINUE'
READ *~

PRINT *,(CHARCOZ7),CHtAR(072) ,CHARCO27),CHARCO74))
PRINT W, ECOCI4ECK OF PRIMARY THRUSTER TABLE AND ACCEL'
PRINT e'

PRINT 175,' + X',CTABLE(2,1,J).JI-1,9),JET(2.1)
PRINT 175,' -X',CTABLE(2,2,J),J=1,9),JETC2.2)

PRINT 175,' + Y',CTABLE(2,3,J),J2=1,9).JET(Z,3)
PRINT ,'

PRINT 175,' -Y',CTABLE(2,4,J),J=1,9),JETC2,4)

PRINT 175,' + Z',(TABLE(2,-5,J).J=-1,9),JET(2,5)
PRINT 175,' -Z',(TABLE(2,6,J),JZ1,9)PJETC2,6)

PRINT W.
PRINT 175.'' ROL , CTABLECZ,7.J ),J=1,9),JET(2,7)
PRINT 175o'- RCL'I CTABLE(2,8j) ,J=1,9).JETCZ,5)
PRINT 175,'+ PC,',TABLECZp,J),J=1,9),JETC2,9)
PRINT ,'

-PRINT 175o'- PCH'.(TABLE(2,10,J),J=1,9),JET(2,10)
PRINT 175,'+ YAW',CTABLE(2.1 1,J),J=l,9),JET(2p11)
PRINT 175,'- YAW',CTABLE(2,12.J)oJ21,9),JET(2,12)
PRINT W,
PRINT W, HIT RETURN TO CONTINUE'
READ

C
PRINT *,(CHARCOZ7),CHAR(072)oCHAR(027),C4AR (074))
PRINT W, ECOCHECK OF PZI THRUSTER TABLE AND ACCELI

PRINT 17W + XP(TABLEC3,1,J),J1,9),JET(3,1)

PRINT 175p' -XC(TABLE(3,.J),JZ1,9),JET(3,2)

PRINT 175,' 4Y',(TABLE(3,3,J),J1,P9),JET(3,3)

PRINT W,
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PARINT 175#' Y'.CTADLE(3,4,J),Jal,9).JET(3A4)
PRINT 175.' + Z'.(TASLE(3,5,J).Js1,9),JETC3,5)
PRINT 175,' Z'.CTADLEC3,6,J),JA1,9),JET(3,6)
PRINT W *
PRINT 175.'4 ROL'.CTASLE(3,7,J),J=l,9),JET(3,7)
PRINT 175.'- RCL'.(TASLE(3,8,J),Jal,9).JET(3,8)
PRINT I7S*+ PCH',CTABLE(3,9,J),J=1,9),JET(3,9) --

PRINT W.
PRINT 175*'- PCH'.CTABLE(3,1O,J),Js1 ,9),J FTC31Oi)
PRINT 175*'* VAW'.(TABLEC3,11,i),Jz1,9),JET(3,11)
PRINT 175,'- YAV',(TABLE(3.12.J).J=1,9),JET(3,1 2)
PRINT W.
PRINT W, MIT RETURN TO CONTINUE'
READ

C
PRINT *,(CHARCO2?),CHARCO?2),CHAR(027),CHAR(074))
PRINT W. ECOCHECK OF PZHI THRUSTER TABLE AND ACCEL'
PRINT W.
PRINT 175,' *X%(CTABLE(4.1.,J),JZI,9),JET(4,1)
PRINT 175.' X'.CTABLEC4,ZJ),J=1.9),JETC4,2)
PRINT 175,' + Y'.(TABLE(4,3,J),J=1,9),JET(4.3)
PRINT ,'

PRINT 175,' - ',CTA8LEC4,I.,J).J=1,9),JETC44)
PRINT 175,' + Z',(TABLE(4,5,J).J21,9),JET(4,5)
PRINT 175.' Z',(TABLE(4,6,J),J=1,9),JET(4,6) -

N PRINT W.
PRINT 175,'* ROL',CTAB3LEC4.7.J),J1,P9),JETC4,7)
PRINT 1?5.'- RCO'(TABLE(4,8,J),J=1,9),JET(4,8)
PRINT 175*'+ PCN' .CTABLEC4s9,J).J1 .9) ,JETC4,9)
PRINT .'
PRINT 175.'- PCN',CTAB3LEC4,ODJ),J1,9).JET(4,1O)

kPRINT 175p'* YAWC(TABLEC4,11,J),J1,o9),JETC4,11)
PRINT 175.'- YAW'.CTABLEC4,12.J) ,J1,9),JETC4,12)
PRINT ,'
PRINT W, HIT RETURN TO CONTINUE'
READ

PRINT *,(CCARCOZ7),C"ARCO72).CHARCO2?).CHARCOT4))

END

N2
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C
C
C
C THE FOLLOWING ERROR HANDLER DEMONSTRATES THE GENERAL -- _

C OVERALL RECOMMENDED FORM THAT THE USER'S OWN ERROR
C HANDLER SHOULD FOLLOW. 4
C
C THIS ERROR HANDLER UPON BEING INVOKED WRITES ALL

C MESSAGES TO THE DATA FILE: 'PROERROR.LOG'. ERROR
C AND WARNING EXPLANATION MESSAGES ARE ARE WRITTEN TO
C A DATA FILE FOR 2 REASONS:
C
C

C 1. THE ERROR HANDLER SHOULD NOT IMMEDIATELY
C WRITE INFORMATION OUT ON THE PS 300 SCREEN
C SINCE THE EXPLANATORY TEXT DEFINING THE ERROR

C OR WARNING CONDITION MAY BE TAKEN AS DATA BY

C THE PS 300 AND THEREFORE WIND UP NOT BEING - --
C DISPLAYED ON THE PS 300 SCREEN (AS IN THE

C CASE OF A CATASTROPHIC DATA TRANSMISSION
C ERROR).
C
C 2. THE LOGGING OF ERRORS AND WARNINGS TO A

C LOGFILE ALLOWS ANY ERRORS AND/OR WARNINGS

C TO BE REVIEWED AT A LATER TIME.
C
C

C

SUBROUTINE ERR ERRCOD

C
C PROCEDURAL INTERFACE ERROR HANDLER:

C

INCLUDE OPROCONST.FOR/NOLIST'
INTEGER*4 ERRCOD
INTEGER*4 PSVMSERR
LOGICAL FILCPN
DATA FILOPN I.FALSE./
EXTERNAL PSVPSERRf DETERH PIDCOD

If (FILOPN) GOTO 1
C
C OPEN ERROR FILE FOR LOGGING OF ERRORS:
C

OPEN (UNIT=O, FILE=IPROERPOP.LOG"* STATUS='NEW''
& DISP='KEEP°P ORGANIZATION='SEQUENTIAL'o
& ACCESS=OSEQUENTIAL', CARRIA iECONTRCL=OLISTI)

FILOPN = .TRUE.

C END IF
I CALL PIDCOD (ERRCOD)

IF (ERRCOD .LT. 512) GOTO 3
WRITE (10. *) 'PS-I-ATDCOMLNK: ATTEMPTING TO

& /1 *DETACH PS 300/HOST COMMUNICATIONS

& II 'LINK.'

C WHEN WE ATTEMPT TO PERFORM THE DETACHP USE A
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C DIFFERENT ERROR HANDLER SO AS NOT TO GET CAUGHT
___ C IN A RECURSIVE LOOP IF WE CONSISTENTLY GET AN *.

C ERROR WHEN ATTEMPTING TO DETACH.
C

CALL POTACH (DETERN)
CLOSE (UNIT=1O)
IF CCERRCOD .LT. PSFPAF) .OR.

& CERRCOD .GT. PSFPPF)) GOTO 2

C

CALL LesSSTOP MZAL (PSVf#SERR 0))

C ELSE
2 STOP

C END IF
C END IF

3RETURN
END

SUBROUTINE DETERN CERRCOD)

C
C M4AIN ERROR HANDLER DETACH ERROR HANDLER:
C

INTEGER*4 ERRCOD
EXTERNAL PIOCOD

WRITE (10o * 'PS-I-ERPWARDET: ERROR/WARNING
& I/I 'TRYING TO DETACH'

& * I THE COMMUNICATIONS'
WRITE (10. O)LINK BETWEEN THE PS 300 AND TH4E HOST.'
CALL PIDCOD CERRCOD)
RETURN
END

SUBROUTINE PIDCOD (ERRCOD)

C
C PIDCOD: IDENTIFY PROCEDURAL INTERFACE COPPLETION
C CODE.
C

INCLUDE 'PROCONST.FOR/NOLIST'
INTEGER*4 ERRCOD

-CHARACTER VMSDEF*133o PIDEF*I33
INTEGER*4 PSVPSERR
CHARACTER MSSGI*55o MSSG2*67
PARAMETER (MSSGI = 'PS-W-UNRCOMCOD: PROCEDURAL'

1 /I 'INTERFACE'
£ 1/ '(GSR) COMPLETION '

EXTERNAL PSVMSERR

WRITE (10p a) PS-I-PROERRWAR: PROCEDURAL '

I II INTERFACE WARNING/'
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& II 'ERROR COMPLETION CODE WAS '

WRITE (10, *) °RECEIVED.
IF CERRCOD .NE. PSWBNC) GOTO 1
WRITE (10, *)'PS-W-BADNAMC4R: BAD CHARACTER'

£ I/ 'IN NAME WAS "

& II 'TRANSLATED TO: -
GOTO 1000

C ELSE
I IF (ERRCOD .NE. PSWNTL) GOTO 2

WRITE (10, *) 'PS-W-NAMTOOLON: NAME TOO '

If 'LONG. NAME WAS
& II 'TRUNCATED TO '

WRITE (10, ) '256 CHARACTERS.'
GOTO 1000

C ELSE
2 IF (ERRCOD .NE. PSWSTL) GOTO 7

WRITE (10, *) 'PS-W-STRTOOLON: STRING TOO '

& II 'LONG. STRING '
& 1/ 'WAS TRUNCATED a

WRITE (10, *) 'TC 240 CHARACTERS.'
GOTO 1000

C ELSE
7 IF (ERRCOD .NE. PSWAAD) GOTO 8

WRITE (10, *) 'PS-W-ATTALRDON: ATTACH .
& II 'ALREADY DONE. '

& II 'MULTIPLE CALL TO PATTCH WITHOUT'
WRITE (10, *) 'INTERVENING PDTACH CALL IGNORED.'
GOTO 1000

C ELSE
8 IF (ERRCOD .NE. PSWAKS) GOTO 9

WRITE (10, ) 'PS-W-ATNKEYSEE: ATTENTION KEY '

& II 'SEEN (DEPRESSED).'
CALL PIBMSP
GOTO 1000

C ELSE %
9 IF (ERRCOD .NE. PSWSGC) GOTO 10

WRITE (10, *) 'PS-W-BADGENCHR: BAD GENERIC '

& I1 'CHANNEL CHARACTER. BAD '

WRITE (10, *) 'CHARACTER IN STRING SENT VIA: '

& II PPUTGX WAS TRANSLATED TO "
WRITE (10, *) 'A BLANK.'

CALL PIBMSP
GOTO 1000

C ELSE
10 IF (ERRCOD .NE. PSW8SC) GOTO 11

WRITE (10, *) 'PS-W-BADSTRCHR: BAD '

& II 'CHARACTER IN STRING wAS '

Ii 'TRANSLATED TO A BLANK.'
CALL PIBMSP
GOTO 1000

C ELSE
11 IF (ERRCOD .NE. PSWBPC) GOTO 12

WRITE (10, *) 'PS-W-BADPARCHR: BAD PARSER '

& II 'CHANNEL CHARACTER. BAD '

& /I 'CHARACTER IN STRING SENT TO'
WRITE (10P ) 'Ps 300 PARSER VIA: PPUTP

& 1/ 'WAS TRANSLATED TO A BLANK.'
CALL PIBMSP
GOTO 1000

C ELSE

-7
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12 IF (ERRCOD oNE. PSEIMC) GOTO 13
WRITE (10 *) 'PS-E-INVMUXCHA: INVALID '

'-V I II 'MULTIPLEXING CHANNEL l
& II *SPECIFIED IN CALL TO:'

WRITE (10, *) 'PNUXCI, PMUXPP OR PMUXG.'
GOTO 1000

C ELSE!1:3 IF (ERRCOD oNE. PSEIV0) SOTO 14
WRITE (10. *) 'PS-E-INVVECCLA: INVALID "

£ // 'VECTOR LIST CLASS '

•I II 'SPECIFIED'
WRITE (10, *) 'IN CALL TO: PVCBEG.'
SOTO 1000

C ELSE
14 IF (ERRCOD .NE. PSEIVO) GOTO 15

WRITE (10, *) OPS-E-INVVECDIM: INVALID '

£ II VECTOR LIST DIMENSION .
£ II 'SPECIFIED IN CALL TO'

WRITE (10. *) 'PVCBEG.'
SOTO 1000

C ELSE
15 IF (ERRCOD .NE. PSEPOE) GOTO 16

WRITE (10, *) 'PS-E-PREOPEEXP: PREFIX '

£ II 'OPERATOR CALL WAS'
T1 II 'EXPECTED.*

SOTO 1000'.-.. 1

C ELSE

16 IF (ERRCOD .ME. PSEFOE) GOTO 17 -
WRITE (10, *) 'PS-E-FOLOPEEXP: FOLLOW '

I I/ OPERATOR CALL WAS '
-& II 'EXPECTED.'

GOTO 1000
" C ELSE

17 IF (ERRCOD .ME. PSELBE) GOTO 18

- WRITE (10, *) 'PS-E-LABBLKEXP: CALL TO "

& // 'PLAADD OR PLAEND WAS '
; & II *~EXPECTEDW ""' -

GOTO 1000 ".-'XPECED.
C ELSE

18 IF (ERRCOD NE. PSEVLE) GOTO 19
WRITE (10, ) 'PS-E-VECLISEXP: CALL TO .

& II 'PVCLIS OR PVCEND '

* II 'WAS EXPECTED.'
GOTO 1000

.-" C ELSE

19 IF (ERRCOD .NE. PSEARV) GOTO 20
WRITE (10, ) 'PS-E-ATTMULVEC: ATTEMPTED '

I OIMULTIPLE CALL '

6 1/ 'SEQUENCE TO PVCLIS IS NOT'
WRITE (10, ) 'PERMITTED FOR BLOCK

9 11 'NORMALIZED VECTORS.'
SOTO 1000

C ELSE
20 IF (ERRCOD .ME. PSEMLB) GOTO 21

WRITE (10, o) 'PS-E-MISLA8BEG: MISSING '

.1 II 'LABEL BLOCK BEGIN CALL. '

& II 'CALL TO PLAADD OR PLAEND'
WRITE (10 *) 'WITHOUT CALL TO: PLABEG.'
GOTO OOC

C ELSE

. . .- - -- - . ;'- -j - -; ,% .. . . , . . . . . -. , . . . :. - . . . . . . . . - . -..- - - . .-. . . . . . .- . .
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21 IF (ERRCOD .NE. PSEMVB) GOTO 22
WRITE (10o *) 'S-E-MISVECBEG: MISSING I

/I 'VECTOR LIST BEGIN '

&II 'CALL. CALL TO PVCLIS'
WRITE (10, *) 'OR PVCEND WITHOUT CALL

&I 'TO: PVCBEG.'

GOTO 1000
C ELSE

22 IF (ERRCOD .NE. PSENUN) GOTO 23 -..

WRITE (10, *) 'PS-E-NULNAM: NULL NAME
/ 'PARAMETER IS NOT ALLOWED.'

GOTO 1000
C ELSE

23 IF (ERRCOD .NE. PSEBCT) GOTO 24
WRITE (10, *) 'PS-E-BADCOMTYP: BAD

S II 'COMPARISON TYPE OPERATOR
& II 'SPECIFIED IN '

WRITE (10p *) 'CALL TO: PIFLEV.'
GOTO 1000

C ELSE
24 IF (ERRCOD .NE. PSEIFN) GOTO 25

WRITE (10p *) 'PS-E-INVFUNNAM: INVALID '

& I *FUNCTION NAME. '

5 II 'ATTEMPTED PS 300'
WRITE (10r *) 'FUNCTION INSTANCE FAILED

& II 'BECAUSE THE NAMED '

& II 'FUNCTION CANNOT POSSIBLY'
WRITE (10o *) 'EXIST. THE FUNCTION NAME '

& 1' 'IDENTIFYING THE
& II 'FUNCTION TYPE TO INSTANCE'

WRITE (10, ) 'WAS LONGER THAN 256 CHARACTERS.'
GOTO 100C

C ELSE
25 IF (ERRCOD .NE. PSENNR) GOTO 26

WRITE (10, *) 'PS-E-NULNAMREQ: NULL NAME

& II 'PARAMETER IS
& II 'REQUIRED IN OPERATE NODE'

WRITE (10, *) 'CALL FOLLOWING A PPREF OR
& il 'PFOLL PROCEDURE CALL.'

GOTO 1000
C ELSE

26 IF (ERRCOD .NE. PSETME) GOTO 27
WRITE (10, ) 'PS-E-TOOMANEND: TOOF? 5 II 'MANY END-STRUCTURE CALLS

5 1/ 'INVOKED.'

GOTO 1000
C ELSE

27 IF (ERRCOD .NE. PSENOA) GOTO 28

o WRITE (10, ) 'PS-E-NOTATT: THE PS 300 '

:_ & /I 'COMMUNICATIONS LINK '

"& i 'HAS NOT
WRITE (10, ) 'YET BEEN ESTABLISHED. '

& II 'PATTCH HAS NOT BEEN '

& II 'CALLEO OR FAILED.'

GOTO 1000
C ELSE

28 IF (ERRCOD .NE. PSEODR) GOTO 29
WRITE (10, ) 'PS-E-OVEDURREA: AN

S I/ '3VERRUN OCCURRED DURING '

& 11 'A RwAD OPERATION.'

- ~. . . . ...: . _ : . . . . . . ....-. '.'. .'...,. - ...... .. ... . -.- .-..-. . . .-.-. ..-. , .,- .
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WRITE (10a *) $THE SPECIFIED INPUT BUFFER "

II *IN CALL TO: PGET '

O:PGETWl
WRITE (10p *) IWAS TOO SMALL AND '

& I1 'TRUNCATION HAS OCCURRED.'
GOTO 1000

C ELSE
29 IF CERRCOD .NE. PREICP) GOTO 38
38 IF CERRCOD .NE. PSEPDT) GOTO 39

WRITE (10. *) 'PS-E-PHYDEVTYP: MISSING

S II 'OR INVALID PHYSICAL '

I II 'DEVICE TYPE'
WRITE (10. *) SPECIFIER IN CALL TO PATTCH.'
CALL PVAXSP
GOTO 1000

C ELSE
39 IF (ERRCOD NE. PSELDN) GOTO 40

WRITE (10v *) °PS-E-LOGDEVNAM: MISSING I
SIImOR INVALID LOGICAL 
£ II *DEVITCE NAME

WRITE (10p 'SPECIFIER IN CALL TO PATTCH
CALL PVAXSP
GOTO 1000

C ELSE
40 IF CERRCOD .NE. PSEADE) GOTO 41

WRITE (10, *) PS-E-ATTAELEXP: ATTACH l
II 'PARAIETER STRING OP.ATIN.

S/1 'DELIFITER-
WRITE (10p *) 401" WAS EXPECTED.*
CALL PVAXSP

GOTO 1000
C ELSE

41 IF (ERRCOD .NE. PSFPAF) GOTO 42

WRITE (10p *) PS-F-PHYDETFAI: PHSCA

& I PYSICAL ATTACH OPERATION ;
& II 'FAILED.'

GOTO 1000
C ELSE

42 IF (ERRCOD .NE. PSFPDF) GOTO 43
WRITE (10, *) PS-F-PHYDETFAI: PHYSICAL I

& II 'DETACH OPERATION AILE
& II *FAILED.$

GOTO 1000
C ELSE

43 IF (ERRCOD .ME. PSFPGF) GOTO 44
WRITE (10p *) 'PS-F-PHYGETFAI: PHYSICAL 9

$/ 'GET OPERATION FAILED.'
COTO 1000

c. ELSE- ' '1

45 IF (ERRACOD .ME. PSFPPF) GOTO 45
WRITE IMP0 *) OpS-F-PHYPUTFAI= PHYSICAL ... n
& I~I 'PUT OPERATION FAILED.' ''.-'
GOTO 1000""'""

C ELSE
, ....;. 45 IF (ERRCOD .NE. PSFBTL) GOTO 46 .'-.''-

WRITE (10# *) 'PS-F-SUFTOCLAR: 2UFFER '

£ I, 'TOO LARGE ERROR IN '

& '1 'CALL TO: PSPUT.'
WRITE (10, *) 'THIS ERROR SHOULD NEVER "

£ II 'OCCUR AND INDICATES A '

_'~~~~~~~~~~~~~~~~~~~~...... ..- .." . .... ..-.. .............- " - . ,'.. -. '° '..,. ..-... ' .. ."..',.." .. '.......
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& II 'PROCEDURAL INTERFACE (GSR)'
WRITE (10, *) 'INTERNAL VALIDITY CHECK.'

CALL PVAXSP
GOTO 1000

C ELSE
46 IF (ERRCOD .NE. PSFWNA) GOTO 47

WRITE (10, *) 'PS-F-WRONUMARG: WRONG '

$I NUMBER OF ARGUMENTS -

& II 'IN CALL TO PROCEDURAL'
WRITE (10, *) 'INTERFACE (GSR) LOW-LEVEL '

& 1/ *1/0 PROCEDURE

& /I '(SOURCE FILE: PROIOLIB.MAR).'

WRITE (10, *) THIS ERROR SHOULD NEVER -

& ' OCCUR AND INDICATES A

& I' PROCEDURAL INTERFACE (GSR) •

WRITE (10, *) 'INTERNAL VALIDITY CHECK.'

CALL PVAXSP

GOTO 1000

C ELSE

47 IF (ERRCOD .NE. PSFPTL) GOTO 48
WRITE (IC. ) 'PS-F-PROTOOLAR: PROMPT -

& / BUFFER TOO LARGE '

II ERROR IN CALL TO: PSPRCV.'

WRITE (10, *) THIS ERROR SHOULD NEVER '

& I OCCUR AND INDICATES A "
& i' PROCEDURAL INTERFACE (GSR)"

WRITE (10o, *) 'INTERNAL VALIDITY CHECK.'

CALL PVAXSP
GOTO 1000

C ELSE
C
C UNKNOWN ERROR MESSAGE ERROR MESSAGE.

C
48 IF -ERRCOD GE. 512) GOTO 49

MSSG2 = MSSG1 II 'WARNING'

GOTO 51

C ELSE

49 IF (ERRCOD .GE. 1024) GOTO 50
MSS62 = MSSG1 II 'ERROR '

GOTO 51

C ELSE
50 MSSG2 = MSSQ1 /I 'FATAL ERROR '

C END IF

C END IF

51 WRITE (10, *) MSSG2
WRITE (10, *) 'CODE IS UNRECOGNIZED.'

WRITE (10, *) 'PROOABLE PROCEDURAL
& I/ 'INTERFACE (GSR) INTERNAL

& /I 'VALIDITY CHECK ERROR.'

C END IF

1000 IF ((ERRCOD .LT. PSFPAF) .OP.
& (ERRCOD .GT. PSFPPF)) GOTO 2000

CALL PSFVMSERR ( VMSDEF, PIDEF )
WRITE (10, *) 'DEC VAXIVMS ERROR '

II 'DEFINITION IS:'
WRITE (10, *) VMSDEF '

WRITE (10, *) 'PROCEDURAL INTERFACE '

& I '(GSR) INTERPRETATION OF
& !1 'DEC VAX/VMS COMPLETION CODE:'

WRITE (10, *) PIDEF

. ~ . ,. . . . .-
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WRITE (10p * DEC VAX/VMS ERROR CODE'
NA S II'VALUE WAS: ',PSVMSERR C

C END IF
2000 WRITE (10.s*

RETURN
END

1

SUBROUTINE PIBMSP

C
C PIBMSP: WRITE THE "IBM VERSION SPECIFIC"
C MESSAGE TO THE ERROR HANDLER FILE.
C

WRITE (10p *) *THIS ERROR/WARNING IS
& /I 'APPLICABLE ONLY TO THE IBM'

-' _ S/I 'VERSION OF THE'
WRITE (10, * 'PROCEDURAL INTERFACE CGSR).'
RETURN
END

-~ SUBROUTINE PVAXSP

C
C PVAXSP: WRITE THE "DEC VAX/VMS VERSION
C SPECIFIC"f MESSAGE TO THE ERROR
C HANDLER FILE.
C

WRITE (10p 0) 'THIS ERROR/WARNING IS'
£ II@APPLICABLE ONLY TO THE DEC
S /1 'VAX/VMS VERSION OF'

WRITE (10, or) 'THE PROCEDURAL INTERFACE (GSR).'
RETURN
END
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SUBROUTINE INITBUF(IBUFPCHANPIOSB)
C
C THIS SUBROUTINE FILLS IBUF WITH DATA THAT DOES NOT CHANGE

-C DURING PROGRAM. THIS DATA IS USED TO ADDRESS PS300 PE14ORY
C LOCATIONS.

C INTEGER*4 SYSSQIOPSYSSSETEFPSYSSWAITFR

INTEGER*4 CHAhiSTATUS.SYSSASSIGNSYSSQIOWNAMADX(2O)
INTEGER*2 ISUF(3 -),NAMESC5,?O),NAMADRCZ,20),1058C4),BUFNU?
CHARACTER*4 UNIT
EQUIVALENCE CNAMADRPNAMADX)
DATA NAMES/TA'RGP'T.'LOPO*'XY'ZV',C.,LOPOK%
1 GL,O9,*E.,e'L0 1,OK%,ST%,AR',S.soLO%,OKQ%
1 ,18' E ',TR4,'OT'P 6 ST*AR*'6 5*,UTRI,OT 6 , A
1 GL,0e,E. EROOTP,ISA,*TE',IL.a,IRO',STX%.
I XY''PTH'.%e'TR%,Nl %'XY'PT%',94.%TR','N2'.

11N'FO",.RFU,*A'PE%'1N,F '.R,'TI',MTE I

4 1'XY'P'PT,H.',*RO t ,'TX'f

DATA UNIT/4PIAO'/
C ..

C WAIT
C

DO 5 J=1.100000
5 CONTINUE
C
C SET UP HOUSEKEEPING%1
C
C GET A CHANNEL NUMBER
C

STATUS=SYSSASSIGN(UNIT,CHAN,.)
IFCSTATUS.NE.1) THEN

TYPE *POBAD ASSIGN! <STATUS> ',STATUS
STOP

ENDIF
C
C DETACH FOR SAFETY: 34 -> DETACH FUNCTION CODE

* C
10 STATUS=SYS$QIOW(oZVAL(CHAN),%VALC 34) gIOSB,...... P)

* C
C ATTACH: 33 -- > ATTACH FUNCTION CODE
C

STATUS=SYS$QIOW(,XVAL(CHAN),%VAL(33),IOS8,,.. ,,,)

IF(STATUS.NE.1) THEN
TYPE *tBAD ATTACH! <STATUS> *,STATUS

ENDOP
CNI

CGETHADRSE OFTEETTE TOUDT
C GE3 THE ADDRESSP OFATH ENT TI FNTO CPDAEI 3->LOU AF ETTE UCINCD

20 Do 25 1=1,20
STATUS=SYSSQIOW(,%VAL(CHAN),%VAL(43) .IOSB,,,NAIES (1,1),

1 ZVAL(1O)f%VAL(l) ...

IF (STATUS. EQ.1.AND. IOSB3(1).*EQ.1. AND.
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,I CIOSBC3).OR.IOSB(4)).NE.0) GOTO 21
TYPE *,'BAD ENTITY FETCH! <STATIOSe> -- 'PSTATUS,,IOSB
STOP

c
C GET THE ADDRESS FROM OUT OF THE 10 STATUS BLOCK (IOSS)
C
21 DO 24 J=,2

NAMADRCJI)=oSB(J2)

24 CONTINOUE
25 CONTINUE
C
C
C OFFSET THE ADDRESSES TO GET PAST THE FIRST THREE FIELDS
C OF THE NODE WHICH WE DO NOT WANT TO CHANGE.
C

00 30 I1,20
NAMADXCI)=NAMADX(I)+8

30 CONTINUE
C
C OFFSET TEXT BY AN ADDITIONAL 16
C

O0 31 1214,17
NAMADX(I)wNANADXCI)+16

31 CONTINUE

C
c SUFFER 1 SETUP
C TRANSLATION NEEDS 7 ELEMENTS
C ROTATION NEEDS 19 ELEMENTS
C LOOKAT NEEDS 28 ELEMENTS
C

IBUF(M) = 20 ! TWENTY BLOCKS
ISUF(2) = NAMADR(1,) ! BLOCK ONE ADDRESS - TARGT.LOOK
IBUF(3) = NAMAOR(2,1) ! BLOCK ONE ADDRESS
IBUF(M) = 27 ! WORD COUNT FOR BLOCK I
IBUF(24) 1 ! TRAN FLAG
XBUF(32) = NAMADR(1,2) ! BLOCK TWO ADDRESS - XYZVC.LOOK
IBUF(33) 2 NAMADR(2,2) ! BLOCK TWO ADDRESS
ISUF(34) = 27 ! WORD COUNT FOR BLOCK 2
IBUFCS4) = 1 ! TRAN FLAG
19UF(62) = NAMADR(1,3) ! BLOCK 3 ADDRESS - GLOBE.LOOK
I"UF(63) = NAMADRC2,3) ! BLOCK 3 ADDRESS

IBUF(64) = 27 ! WORD COUNT FOR BLOCK 3

2 IBUFC14) = I ' TRAN FLAG
IBUFC92) = NAMADR(1,4) I BLOCK 4 ADDRESS - STARS.LOK
IBUF(93) = NAMADR(2p4) I BLOCK 4 ADDRESS
IBUFC94) = 27 ! WORD COUNT FOR BLOCK 4
ISUFC114) = 1 ! TRAN FLAG .

ISFC22 aNAMADRCI.5) ! BLOCK 5 ADDRESS - GLOBE.TROT
ISUF(123) = NAMADR(2p5) ! BLOCK 5 ADDRESS
!SUFCI24) a 19 ! WORD COUNT FOR BLOCK 5 ~
IBUFC144) a NAMADR(1,6) ! BLOCK 6 ADDRESS - STARS.TROT

* IBUF(145) = NAMADRC2,6) ! BLOCK 6 ADDRESS

IBUF(146) = 19 ! WORD COUNT FOR BLOCK 6

I"UFC166) a NAMA'R(--') I BLOCK 7 ADDRESS -. GLOBE.EOT
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IBUF(167) = NAMADR(2,7) ! BLOCK 7 ADDRESS
ZBUF(168) z 19 WORD COUNT FOR BLOCK 7
IBUF(188) = NAMADR(1,8) 1 BLOCK S ADDRESS - SATEL.- "
IBUF(189) = NAMADR(2,8) ! BLOCK 8 ADDRESS

IBUF(190) = 19 ! WORD COUNT FOR BLOCK 8

IBUF(210) = NAMADRC1,9) ! BLOCK 9 ADDRESS - XYPTH.TRNI
IBUF(211) = NAMADR(2p9) ! BLOCK 9 ADDRESS
!BUF(212) = 7 i WORD COUNT FOR BLOCK 9

IBUF(220) = NAMADR(1.1O) ! BLOCK 10 ADDRESS - XYPTH.TRNZ'
IBUF(221) = NAMADR(2p1C) ' BLOCK 10 ADRESS

IBUF(222) = 7 ! WORD COUNT FOR BLOCK 10 -

IBUF(230) = NAMADRC1,11) ! BLOCK 11 ADDRESS - XYPTN.TRN3
IBUF(231) = NAMADR(2,11) ! BLOCK 11 ADRESS
IBUF(232) = 7 ! WORD COUNT FOR BLOCK 11

A IBUFC24O) = NAMADRC1.12) ! BLOCK 12 ADDRESS - XYPTH.TRN4

IBUF(241) = NAMADR(2,12) ! BLOCK 12 ADRESS
IBUF(242) = 7 ! WORD COUNT FOR BLOCK 12
IBUF(250) = NAMADR(1,13) ! BLOCK 13 ADDRESS - XYPTN.TRN5
IBUF(251) = NAMADR(2i13) ! BLOCK 13 ADRESS
IBUF(252) = 7 ! WORD COUNT FOR BLOCK 13
IBUF(260) = NAMADRC1.14) 1 BLOCK 14 ADDRESS - INFO.RANGE

IBUF(261) = NAMADR(2,14) I BLOCK 14 ADRESS
1BUF(262) = 3 I WORD COUNT FOR BLOCK 14
IBUF(266) = NAMADRC1,15) ! BLOCK 15 ADDRESS - INFO.RRATE
IBUFC26?) = NAMADRC2,15) ! BLOCK 15 ADRESS
IBUF(268) = 3 ! WORD COUNT FOR BLOCK 15

-BUF(272) = NAMADR(1,16) ! BLOCK 16 ADDRESS - INFO.RFUEL
IBUF(2?3) = NAMADR(2p16) ! BLOCK 16 ADRESS
IBUF(274) = 3 ! WORD COUNT FOR BLOCK 16
IBUF(278) = NAMADR(1,17) ! BLOCK 17 ADDRESS - INFO.R E.e ..
1BUF(279) = NAMADR(2P17) ! BLOCK 17 ADRESS
IBUF(280) = 3 ! WORD COUNT FOR BLOCK 17
IBUFC234) = NAMADR(1,18) ! BLOCK 18 ADDRESS - XYPTH.SSTR
-BUFC285) = NAMADR(2r18) ! BLOCK 18 ADRESS
XBUFC286) = 7 ! WORD COUNT FOR BLOCK 18

IBUF(294) = NAMADR(1,19) ! BLOCK 19 ADDRESS - XYPTH.ROTZ
IBUF(295) = NAMADR(2r19) ! BLOCK 19 ADRESS
IBUF(296) = 19 ! WORD COUNT FOR BLOCK 19
IBUF(316) = NAMADR(1,20) ! BLOCK 20 ADDRESS - XYPTH.ROTX

!BUF(317) = NAMADR(2P20) ! BLOCK 20 ADRESS ""'"R"

IBUF(318) = 19 ! WORD COUNT FOR BLOCK 20

C
END

.9 •.

1::i~~
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SU9ROUTINE ZOSUFF (IFUNCoSeLoCoRESET)

INTEGER S(24)PL(24)PCC12)
INTEGER IFUNCPRESET
INTEGER*Z VATAOUTPDATAIN
INTEGER*2 DIBUFC1O)oDOBUFC1O)
INTEGER*4 ISTATPICALL
INTEGER*4 NCHANPDOF*AGDIFLAG

REAL ARATEPRATE

DATA DOFLAGPDIFLAG/3p5/

DATA NFRAME/101

DATA MObEOUT.IqODEIN/8p7/ i
DATA ICHAN1lI
DATA NCHAN/II
DATA ISMODE/O1
DATA INITI/
DATA RATE/80000.0/

60 TO (100,200) IFUNC

100 CALL LPAIO CIhITIUNIT,,RATE,.PPARATEPISTATsICALLv.)
IF (.NOT. ISTAT) GO TO 950
RETURN

200 CONTINUE
SATAOUTa' 00009X
00 210 Iw1p6

210 DATAOUT*DATAOUT+LCI)*2**CII)
DO 220 1u1,NFRAME

220 DOUFCI)aDATAOUT .XOR. QFFFF9X
CALL LPAIO CPHODEUTIUNITD0FLAG,,ICHANNCHANNFRAMEDOBUFPs

1 ISTATPICALLPPISMODE)
IF (.NOT, ISTAT) GO TO 950
CALL SYSSWAITFR (ZVAL(OOFLAG))

230 CALL LPAIO (18,.,,,,,,,ISTATPICALLPLSTATP)
IF (CISTAT.NE.1I).AND.(LSTAT.NE.1)) GO TO 230
CALL LPAIO CNODEINIUNXTDIFLAG,.ZCI4ANNCHANNFRAMEDISUF.,

I ISTAToICALLPPISMODE)
IF (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (%VAL(DIFLAG))

A240 CALL LPAIO (17,.,.,,,,,ISTATPICALLPLSTATP)
IF (CISTAT.NE.-1).AND,(LSTAT.NE.1)) GO TO 240
DATAINu(DIBUFC1).XOR.*FFFF*X)
SCI)=DATAIN .AND. 1
S(2)uCDATAIN .AND. 2)/2
SC3)=CDATAIN .AND. 4)/4777
SMO)CDATAIN .AND. $)/8
S(5)nCDATAIN .AND. 16)/16
SC6)u(*ATAIN .AND. 32)/32
RESETuCC64.XOR.DATAIN) .AND. 64)/64
DATAOUTu' 4000' K

* 2:.:DO 250 I=7P15
250 DATAOUT=DATAOUT+LCI)*2**(TI)

DO 260 IsloNFRAME
260 DOIUF(I)DATAOUT XKOR. OFFFF*K

CALL LPAIO CMODEOUT,!UNITD0FLAG,,ICHANNCHANNFRAMEDOBUF,,
1 ISTAToXCALL.-oISMqODE)
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IF C.NOT. ISTAT) GO TO 950
CALL SYSSWAXTFR (%VALCOOFLAG))

2?0 CALL LPAIO (18 .... oopoISTAIPICALLPLSTATP)
IF (CCSTAT.NE.-1).AND.(LSTAT.NE.1)) GO TO 270
CALL LPAIO tMODEIN#IUNIT.DIFLAG,,ICANo4CHA~dNFRAMEDI8UF.,

i ISTATPICALLPPISMODE)
If (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (XVAL(DrFLAG))

280 CALL IPAIO C17,,,,,,i,,ISTATPICALLPLSTATP)
IF ((ISTAT.NE.-1).AND.(LSTAT.NE.1)) GO TO 280
DATArNC(DI8UF (1).XOR.'F FFF' X) 1 c
S(7=DATA.IN .AND. 1
SC8)=CDATAIN .AND. 2)/2
SC9)=(DATAIN .AND. 4)/4
SC1O)=CDATAINi AND. 8)/8
S(11)=CDATAIN .AND. 16)116
SC12)=(DATAIN AND. 32)/3e
S(13)=CDATAIN .AND. 64)/64
SC14)=(DATAIN .AND. 128)1128
SC15)=CDATAIN .AND. 256)/256
DATAOUT' 8000' X

- DO 290 1=16r24
290 DATAOUT=DATAOUT4L(I)*2**(I-16)

DO 300 I1,PNFRAME
- 300 DOBU (X=DATAOUT .XOR. 'FFFFOX

CALL LPAIO (MODEOUTIUNITDOFLAGPICHANNCHANNFRAMEDOBUf,.
1 ISTATPICALLjPgISMODE)

IF (.NOT. ISTAT) 60 TO 950
CALL SYSSWAITFR (XVAL(DOFLAG))

310 CALL LPAIO (1a,.,,,.,,,ISTATPICALLPLSTATP)
IF ((ISTAT.NE.-1).AND.(LSTAT.NE.1)) GO TO 310
CALL LPAIO (MODEINIUNITDIFLAGv.ICHAWgNCHANsNFRAM4EDIBUF,,

1 ISTATPICALLoPISMODE)
IF C.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (%VAL(DIFLAG))

320 CALL LPAIO C17,,,,,,,,,ISTATj'ICALLPLSTATP)
IF (CISTAT.1E.-l).AND.(LSTAT.NF.1)) GO TO 320

* DATAIN=(DIBUFC1).XOP.*FFFF'X)
S(16)=DATAIN .AND. 1

-SC17)=(DATAIN .AND. 2)12
-'SC18)C(DATAIN .AND. 4)/4

S(19)=(DATAIN .AND. 8)/8
S(20)=CDATkIN .AND. 16)/16
SC21)C(DATAIN .AND. 32)/32
S(22)ZCDATAIN .AND. 64)/64

-SC23)=CDATAIN .AND. 128)/128
S(24)=(DATAIN .AND. 256)/256
DATAOLDT' COOD X
DO 340 I=1,NFRAME

340 DO8LF(I)=DATAOUT .XOP. 'FFF'*X
CALL LPAIO (RODEOUTIUNITDOFLAG,,ICHANNCHANNFRAMEDOBUFi,

1 ISTATPlCALLorlS130E)
IF (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (%VAL(DOFLAG))

350 CALL LPAIO (18pp,,,jf,ISTAT,ICALL,LSTAT,)IIF ((ISTAT.NE.-1).AND,(LSTAT.NE.1)) GO TO 350
CALL LPAIO (M!ODEIN, ZUNIT, DIFLA~S, ICHAN,NCHANNFRA'E,IBUF,-.-

I XSTATICALL,,ISMODE)
IF (.NOT. ISTAT) GO TO 950

-CALL SYSWAITFR (XVAL(OIFLAG))
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360 CALL LPAIO C17..,,.,,sISTAT*ICALLPLSTATP)
IF (CISTAT.NE.-1).AND.CLSTAT.NE.1)) GO TO 360
DATAIu(D18UFC1).COR.' FFFF'X)
CCI)SCl.XOR.DATAIN) .ADo 1
C(2)CC(2.XORoDATAIN) .AND. 2)12
CC3)=CDATAIN oAND. 4)14
C(4)w(OATAIN WAND. 8)1
CC5)w(DATAIN oAND. 16)116
C(6)=(DATAIN WANDo 32)/32
CC7)C(DATAIN WAND. 64)i64
CC8)sCDATAIN oAND. 128)1128
CC9)C(DATAIN .ANDo 256)1256
Cfl0)C(DATAIN .AND. 512)/512
CC1I)=(DATAIN .AND. 1024)11024
CC12)=CDATAIN WAND. 2048)12048
RETURN

950 CONTINUE
WRITE (5#1950) ISTATPICALL

1950 FORMAT (a ERROR IN CALL: STATUS * #16o* FROM CALL #',16)
CALL EXIT
END
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SUBROUTINE LINTEG(XPOMEGAA,DELTAT)
C
C THIS IS A FIRST ORDER INTEGRATION SCHEME FOR TRANSLATIONAL
C ACCELERATIONS IN THE REF (C-W) FRAME USING C-W EQUATIONS
C

REAL X(6),,XDOT(6),A(3),OMEGADELTAT
INTEGER J

C
C A(1-3) - X,,YZ ACCELERATION
C X(1-3) - XoY,Z POSITION
C X(4-6) - XYZ VELOCITY
C DELTAT - TIME STEP
C OMEGA - ANGULAR RATE OF TARGET ABOUT EARTH
C

XDOT (1) =X (4)" - "

XDOT(2)=X(5)
XDOT(3)=X(6)

C
C BELOW ARE THE LINEARIZED EQUATIONS OF MOTION FOR AN INTERCEPT

" C VEHICLE RELATIVE TO A TARGET VEHICLE IN A CIRCULAR ORBIT
C WITH KEPLARIAN MOTION

* - C; ~~~XDOT 141=A 11 -2. O*OMEGA*X (51 '...

XDOT (5)=A(2)+3.O*OMEGA*OMEGA*X(2) +2.O*OMEGA*X(4) - -

XDOTC6)=A(3)-X(3) *OMEGA*OMEGA
C

DO 100 J=1.'6
X(J)=X(J)+DELTAT*XDOT(J)

100 CONTINUE
C.

END

e. ..- "*
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SUBROUTINE LOOK(T,X,OMEGA,TIMEFUELIBUFCHAN, IOSB)

C
C DETERMINES WHERE CAMERA IS POINTING (AT)
C FROM SHUTTLE POSITION CXI1,X2o1X3) AND TRANSFORMS

- C FROM RH TO LH CARTESIAN COORDINATES (FM)
C FOR VIEWING ON EVANS & SUTHERLAND PS300.
C DETERMINES UP VECTOR FOR PS300 AND COMPUTES
C EARTH AND STAR ROTATIONS AND POSITION OF HORIZON.
C ALSO COMPUTES HEADS UP DISPLAY DATA.
C INFORMATION IS THEN SENT TO THE P5300 FOR DISPLAY.
c

INCLUDE OrALFANO]PROCONST.FOR/NOLIST,

REAL CAM(3)pT(33),rX(6)rMAT(4,4)
REAL OMEGATIMEUP(3),RRATEFUELRANGEoDT
REAL*4 TROTEROTAT(3),FM(3),V(3),UPPS(3),RSAT
REAL*4 XYPTH(3).NEWXC3),BMAT(3,3).BVECC3).AMATC3o3)

C
INTEGER*4 CHANSYSSGIO,SYSSQIOW

," INTEGER*2 IOSO(4),IBUF(337)
c
C COMPUTE SHUTTLE POSITION, RANGE AND RANGE RATE
C WRT C-W FRAME (IN LH SYSTEM).
C

FM(I)=X(1)
FM (2 )=X (2)
FM(3)=-X(3)

* RANGE=SQRTCXCI)**2+X(2)**2+X(3).* 2)
RRATEz(X(1)*X(4)+X(2)*X(5)+X(3)*X(6))/RANGE
IF (ABS(RRATE) .LT. .1) RRATE=O.O

- C
C COMPUTE SHUTTLE POSITION AND SCALE DOWN FOR
C HUD XYPTH DISPLAY.

- C
XYPTH(1)=X(1 ) 100.
XYPTH(2)xX(2)/100.
XYPTH(3)=-X(3)I100.

c
C ASSIGN VALUES TO CAMERA LOOK VECTOR IN BODY FRAME
C (I. E. -LOOK UP OUT OF PAYLOAD BAY)
C

CAM(1)-O.
CAM(2)xO.
CAMC 3)-1000.

* C
C TRANSFORM TO REF FRAME
C

CALL BTOR(T,CAM,AT)

C ADD SHUTTLE POSITION TO CAMERA VECTOR CREF FRAME)
C AND CONVERT TO LEFT HANDED GRAPHICS COORDINATE SYSTEM.
C

AT(1 ) AT(1)+FM(1) . -* ..-

AT(2)=AT(2)+FM(2)
AT (3) -AT (3) FMC3)

C
C ASSIGN VALUES TO UP VECTOR IN BODY FRAME.
C (I. E. - OUT NOSE OF SHUTTLE)

C
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UPC1 )=1000.
UP (2 )=0.
UPC3)0O.

C
C TRANSFORM TO REF FRAMEr TRANSLATE TO 'AT' I% LH SYSTE'M

CALL STORCToUPPUPPS) L
C

UPPSC1 )=AT(1)+UPPS(1)
UPPS (2)=AT(2) +UPPS(2)
UPPS(3) =AT(3)-UPPS(3)

C
C CONVERT ATFM AND UPPS FRCM FEET TO METERS .
C

ATC1 )=ATC1)*. 3048
AT (2 ) AT( 2)*.3048
AT(3)=AT(3)*.3048
FMC1 )=FM(1) *.3048
FM(2)=FM(2)*.3048

- FM(3)=FM(3) *. 3048
UPPS(1)=UPPS(1)*.3G48
UPPS (2)=UPPS(2)*.304B
UPPS(3)=UPPSC3)*. 3048

C
C DETER!"INE EARTH ROTATION (DEG)

- C
EROT=TIME*.0041 78075

C
- C DETER!'INE TARGET ROTATION (DEG)

C
TROT= OMEGA*57.29577951*TIME

C
C DETERMINE SATELLITE SPIN (DEG)
C

RSAT=-TIME*30.O
C
C SEND INFORMATION TO PS300

- C

C
CALL P919CV(XYPTHp3,IBUF(287))
CALL ROT(90.ploAMAT)
CALL P919CV(AMAT,9fI8UF (319))
CALL TLHT(TPAMAT)
CALL P919CVCAMAT,9pI8UF(297))

C
CALL ROT(RSAT,1,AMAT)

L CALL P919CV(AMATo9fIBUF(191 ))
CALL ROT(-EROTo2fAMAT)
CALL P919CV(AMATp9oI8UF(1 69))
CALL ROT(TROTo3,AMAT)
CALL P919CV(AMATp9pIE3UF(125))
CALL P919CV(AMATf9fI4UF(147))

* C
CALL L0OOKAT (AT, FMUPPSB8MATBVEC)
CALL P4l9CVI(9MATf9p1SUF(5))

CALL P1lQCV(BVECp3fI8UF(25))
CALL PQ19CV(8MAT,9,I9UF(35))
CALL P919CV(9VECr3pI3UF(55) )

C CALL PSNREA(RANGE*.01 i,' XYZVECSCL' ,EPR)
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C
c RESCALE TO DUS
C

DO 57 Il.3
AT(D)AT(I/63781 35.
F14I)=FMCI)/63781 35.

CNIUE 1)=PS()6378135.
57 CNIU
C

CALL LOOKAT(ATPFMPUPPSPBMATPOVEC)
CALL P919CV(BMATr9,I8UFC65))
CALL P919CVC9VECp3pl8UFCB5))
CALL P919CVC8'MATp9pI8UF(95))
CALL P919CVCBVECp3pI3UF(115))

C
CALL NUMBER(RANGEoIBUF(263))
CALL NUMBER(RRATEeI8UFC269))
CALL NUMBERCFiJELPXBUFC275))
CALL NUM8ERCTIMEPIBUF(281))

* C
C COMPUTE FUTURE POSITIONS FOR HEADS UP DISPLAY
C AND SEND TO PS500 (DT IS TIME INCREIENT)
C

DT=300.
CALL PREDPATHCOMEGAfDTpX'NEWX)
CALL P919CVCNEWXp3plBUF(213))
CALL PREDPATHCOMEGAp2.*DTpXtNEWX)
CALL P919CV(NEWX,3pIBUFC223))
CALL PREDPATH(OMEGAp3*DTrXeNEWX)
CALL P9I9CV(NEWXp3pI9UFC233))
CALL PREDPATH(CMEGAP4.*DTPXPNEWX)
CALL P9I9CVCNEWXp3pIBUFC243))
CALL PREDPATHCOMEGAP5.*DTPXPNEWX)
CALL P919CV(NEhiXp3rI9UF(253))

C DO A WRITE SYNC
C 42 WRITE SYNC FUNCTION CODEA

*C lose 10 STATUS BLOCK
C ISUF DATA BUFFER (ACTUALLY ADDRESS OF SUFFERf BY REFERENCE)

*C 674 DATA BYTE COUNT (337 wORDS)
C 0 NOT CHARACTER DATA (1 CHARACTER DATA)
C
C SEND ALL DATA
C

STATUS=SYSSQIO(%VALC1),ZVAL(CHAN)AVAL(42),IOSB,,.
+ IBUF(1)#%VAL(674),%VAL(O).v.)

- C
If (STATUS .NE. 1) THEN

TYPE *P'BAD WRITE (CSTATUS,IOSB>',STATUSPIOSB
STOP

ENDI F
C

E 0D
C
C
C
C

SUBROUTINE ROTCANGLE,IAXISPAMAT)
9 C

C ROUTINE TO GENERATE ROTATION REQUESTS TO PS300
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4. C
.C CALLING SEQUENCE:
C
C CALL ROT(ANGLEPIAXISPAMAT)

- C

C WHERE:
C
C ANGLE IS THE REAL*4 ANGLE FOR ROTATIONP IN DEGREES- NEED NOT BE LIMITE'-
C TO A SINGLE CIRCLE.
C IAXIS IS THE INTEGER*2 AXIS OF ROTATION (I=X, 2=y, 3=Z).
C AMDAT IS THE REAL 3X3 MATRIX CALCULATED
C
C

- INTEGER*2 1AXIS,IPJ

REAL ANGLE,AMAT(3.3)j'P1180
DATA P1180/0.OI?453/

- C

IDX(I)=MOD(I+2,3)*1 STATEMENT FUNCTION (NOT AN ARRAY)
C

- IF(IAXIS.LTAl.OR.IAXIS.GT.3) STOP 4PSL13--AXIS OUT OF BOUNDS'

DO 1%' 1=1,3
DO 10 J=1,3

-10 AMAT(I,J)=0.EO
RADIAN = ANGLE *P1180

C=COS (RADIAN)
S=SIN (RAD IAN)
AMAT(IAXISIAXIS)=l.EO
I=IDX (TAX IS-i)

- J=IDX(IAXIS+1)
AMAT CI,7)=C
AMAT(J,J)=C
AMAT CIPJ)=S
AMATCJPI)=-S
RETURN
END

C
C
C
C

SUBROUTINE TLHT(TAMAT)
- C

C ROUTINE TO CONVERT A RI.3HT HANDED ROTATION MA4TRIX (T)
C TO A LEFT HANDED ROTATION MATRIX (AMAT)

- C
C CALLING SEQUENCE:
C

*C CALL TLHT(TPAMAT)
C

REAL AMAl (3,3)fT(3r3)

- C
L AMATC1,1)=TC1,1)
K AMA 1(2o1)=T (2,1l)

- AMAT(3,1)=-T(3pl)
AMATl,2) :T (1,2)
AMATC 2, 2) =T( 2,2)

AMAY 3, 2)=-T (3, 2)
AMATCI.,3)=-T(1.3)
AMAT( 2,3) =-T (2.3)
AMATC 3,3) =T (3,3)
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RETURN
END

C
C

SUSROUTINE P919CV(PATRIX,N,BUFFER)

C ROUTINE TO CONVERT A VAX REAL ARRAY TO ACP FLOATING-POINT FORMAT
C

CTHIS ROUTINE CONVERTS AN ARRAY OF VAX SINGLE-PRECISIOs REAL NUMBERS INTO
a NORNALIZED ARRAY OF 32-ST ACP MANTISSASo WITH THE ARRAY PRECEDED 

BY -

C A 16-SIT EXPONENT. THE MOST SIGNIFICANT ELESENT IN THE ARRAY IS NORMAL- .-.
C IZED. 4-.'..

C
C FORTRAN CALLING SEQUENCE:
C
C CALL P919CV(MATRIX,NBUFFER)

'a' C
C WHERE:

Si C

C 14ATRIX IS AN N-ELEPENT REAL*4 ARRAY OF VAX FLOATING-POINT NUUBERS.
C N 1S THE INTEGER*2 SIZE OF ARRAY MATRZXo
C BUFFER IS THE INTEGER*2 ARRAY, OF LENGTH 2N*1, INTO WHICH THE RESULT IS
C PLACED, WITH THE EXPONENT WORD FIRST, FOLLOWED BY THE ARRAY OF
C 32-BIT MANTISSAS.

C

INTEGER*2 N,BUFFER(2*N 1),FWORD(2)
REAL MATRIX(N),OMAX
INTEGER*4 PSMEXPPSMFRA,PSMNORDWORDEDWORD
EQUIVALENCE CDWORDFWORDC1))

C FIND LARGEST REAL NUMBER TO OBTAIN EXPONENT
DAX-O.
00 10 i-1,N

10 DMAXxAMAXI(DNAXABS(MATRIX(I)))
C USE EXPONENT OF LARGEST NU14BER FOR NORMALIZATION

DWORD=PSMEXP(OMAX)
BUFFERC1)=FWCROCI)
EDWORDxDWORD

.. C OBTAIN NORMALIZED FRACTIONS AND LOAD INTO BUFFER
O0 20 IzlN
DWORD=PSMNOR(MATRIX(I)PEDWORD)
BUFFERC(2*)=FWORD(2)
SUFFERC2*I1) zFWORD(1)

20 CONTINUE
RETURN
END

C
C
C
C

SUSROUTINE LOOKATCATFMUPMAT,VEC)
C
C ROUTINE TO GENERATE LOOK AT, LOOK FROM,

. I ., C LOOK UP REQUEST TO THE PS300
C
C THIS ROUTINE UPDATES A PS300 DISPLAY LOOK NODE
C WITH THE NECESSARY LOOK MATRIX
C

.......................................................
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C CALLING SEQUENCE:
- C

C CALL LOOKATCATPFMPUPPMATPVEC)

C WHERE:
C INDEX IS THE INTEGER*2 NODE SUFFIX C1<zINDEXC=256)
c WHIC14 CORRESPONDS TO ONE Of TH DISPLAY STRUCTURE
C NODES N001 THROUGH N256.
C AT* FMP UP : ARE THE VIEWING VECTORS
C *AT : IS THE RESULTING 3X3 VIEWING MATRIX
C SUFFER IS THE INTEGER*2 ARRAY, OF LENGTH 241,
c INTO WHICH THE RESULT IS PLACED, WITH THE EXPONENT
C WORD FIRST, FOLLOWED BY THE ARRAY OF 32-BIT MN~TISSAS.
C VEC IS A 3 ELEMENT ARRAY CONTAINING ROW 4
C
C COMPUTES 4X4 MATRIX FOR LOOK FUNCTION

- C

REAL ATC3),FMC(3),IJPC3) ,MAT(3,3) ,TC3)*VEC C3)
REAL O(3)fE(3),IqF(3)pGC3)pHC3)#XAG

- C
DCI)*ATC1)-FM(1)
DC2)uAT(2)-FMC2)

- *C3)xATC3)-FM(3)
C

MAGuDCI )**24DC2)**2+D(3)**2
IF (NAG .6T. .1E-30) THEN
MAG=SQRT( MAG)

ELSE
- WAG=.IE-30

ENDI F

- C DCI)aDC1)IV4AG

DCZ)=D(2)/MAG
D(3)=DC3)/RAG

-' E0I) =UP(I )-ATC1
ECZ)=UP(2)-AT(2)

* - EC3)=UPC3)-ATC3) V
A C

MzDCI)*EC1)+0C2)*E(2)4.D(3)*E(3) -

* - C

F(2)2zE(2)-M*D (2)
FC3)=E(3)-M4*D(3)

C
IF CCFC)F(2).F(3)) .EQ. 0.0) THEN

- E(1)zo.O
E(2)1I.O
E(3)=0.O

P - F(2):EC1)-M*0(2)

* F(3)=E(3)-M*DC3)
IF C(FC1)+F(2)+FC3)) .EQ. 0.0) THEN

E(i )20.0
.4 E(2)0O.O

EC3)1.O
F (I ) =E( I ) -PP* C(1)
FC)E(2)-fwoD(2)

ENDIf
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ENDIF 
.

NAG. SQRT(F(l)**2+FCZ)**2.F(3)*.2)

C 6C1)=FCI)/PAG

GC2)=FCZ)/94AG
BC 3)*FP(3) /NAG

NC3)*6(3)*DCI)-6(Z)*0(3)

T(2)a-FI)*6(1)-FMC2) *G(Z)-FMC(3) *6(3)

T(3)a-FNC1).D(l)-FPCZ)*CZ)-FIg(3)*D(3)

MAMPl.)aHC2)

MAT(1,3)214(3)
VECCI)uT(l)

f4ATC2v2)u6C2)
N4AT(2,r3)u6(3)
VEC(Z)=TCZ)

- C
MAYC3.1)uoCI)
1NAT(3o2) 'DC2)

HATC3p3)*0(3)
VECC3)uTC3)

- C

RETURN
END

C
C
C

SUBROUTINE P92OCVCMATVECPBUFFER)
C
C THIS SUBROUTINE FILLS IN A 4 X 4. ARRAY INTO THE BUFFER.
C YOU LOAD A 3 X 4 MATP AND AN ARRAY VEC(3) IS THE FOURTH ROW. .
C IT FILLS 34 ELEM4ENTS IN THE BUFFER.

- C
INTE6ER*2 ITEMPIC9) ITEPIP2C25)p BUFFER(34)
REAL MATC34)p VEC(4)PMAT1C4p3)
DO 100 1,3
DO 99 Ju1,4

MATi CJvI)=fAT(IPJ)
99 CONTINUE
100 CONTINUE

CALL P9I9CVCVECI.,ITEMPI)
CALL P919CV(MATIP12PITEMqP2)
BUFFERM a ITEMPIMi
DO 5 1I- 1.25

SUFFERCI*1) a ITEMP2CI)
5 CONTINUE

DO 10 J = 1ea
BUFFERCJ*26) *ITEMP1CJ+1)

10 CONTINUE
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RETURN

- SUBROUTINE NUMBER(XPBUFFER)

C THIS SUBROUTINE WILL TAKE ANY NUMB9ER FROMt 9999.9 TO -990.90
C ENCODE ITP AND PUT IT IN THE PROPER PLACE IN THE OUTPUT
C BUFFER, IBUF

INTEGER*2 8UFFER(3) TBUFM3
CHARACTER*6 CHAR
LOGICAL *1 TEMPPTEMPI(6)
EQUIVALENCE CCHARPTENPPT8UF)

IFCX.GT.9999.9) X=9999.9 
-'4

IF(X.LT.-999.9) X=-999.9
ENCODEC6p2O1pCNAR) X '-

201 FOR1IATCF6.1)

is TEMPO=T EMP1 (I)
TENP1(1)=TEMPl (2)
TEV-Pl(2)xTElPO
TEIPOsTEMtPl ()
TEMPt (3)=TEMIl(4)
TEFIP1 C4)TEM'PO
TEMPO0TEMiP1(5)

4 TEMP (S)sTE4PI(6)
TEMPi Co)rTEMPO
BUFFER C )=TUF (I)

8UFFERCZ)=TBUF (2)
SUFFER(3)=T8UF (3)
RETURN

* END
* C



E-55

C
C (<( LPAIO >>>> LPAII-K 110 ROUTINES; J.M. LIND; 0 MAY 83; REV C

SUBROUTINE LPAIO CMODE#IUNITPIFLAGDRATE.ICHAN.NCHANNFRANEIOUF.
I ARATEISTATICALLLSTAT&ISMODE)

C
C REV A DESIGNED TO USE AST CALLS AT COMPLETION OF SWEEP (FILE NAME LPAIOA.
C REV I MODIFIED TO USE EVENT FLAGS INSTEAD OF AST 

CALLS 03 FEB 83 (JML)

- C REV C MODIFIED TO ADD 1/0 MODE CALLING PARAMETER -ISMODE" AND TO ALLOW
C FOR 2 CHANNEL DIGITAL 1/O WITH THE ADDITION OF MODES 708,17, S 18.

C
C CALLING SEPCXFICATIONS:
C
C MODE NODE OF CALL WITH:
C
C MODE = 1 INITIALIZE LPA1I-K UNIT ZUNIT
C a 3 ANALOG INPUT =

C a 4 ANALOG OUTPUT

C 5 DIGITAL INPUT A
C a 6 DIGITAL OUTPUT A
C = 7 DIGITAL INPUT S
C a 8 DIGITAL OUTPUT 8
C =13 ANALOG INPUT STATUS

C =14 ANALOG OUTPUT STATUS
C =15 DIGITAL INPUT STATUS A
C =16 DIGITAL OUTPUT STATUS A
C =17 DIGITAL INPUT STATUS B
C =18 DIGITAL OUTPUT STATUS B --

C
C KUN1T UNIT NUMBER OF THE DESIRED LPAI1 SUBSYSTEM:
C

" IUNIT a 0 USES LAAO:
C - 1 USES LABO:
C
C IFLAG NUMBER OF THE EVENT FLAG WHICH IS TO BE SET A COMPL

C DRATE DESIRED SAMPLE RATE (DO NOT EXCEED 80 KHZ)
C ICHAN START CHANNEL NUMBER
C NCHAN NUMBER OF CHANNELS (MUST BE I FOR DIGITAL I/O)

"" - C NFRAME NUMBER OF FRAMES (NCHAN PER FRAME)
C KOBUF BUFFER FOR DATA (NFRAME * NCHAN Z BYTE WORDS LONG)

C
C RETURNED INFORMATION:
C
C ARATE ACTUAL SAMPLE RATE USED (0 FOR ERROR)
C ISTAT THREE WORD ARRAY WITH:
C
C ISTAT = 0 ERROR IN CALL
C = 1 SUCCCESFUL
C = X VMS ERROR CODE

_ _ 7,..7.



E-56

C LSTAT rNTEGER*1 (BYTE) VARIABLE USED WITH ISTAT TO DEFI *

C
C ISTAT LSTAT MEANING

Ct 0 0 NORMAL - BUFFER 0 DONE
C -1 1 SWEEP TERMINATED OK
C -1 X X a LPAI1 ERROR CODE (USERIS GD P
C . -

C ICALL CALL NUMBER OF THIS PROGRAM (RELATES TO
C LPA11 I/O FUNCTION WHICH WAS LAST USED BEFORE
C RETURN TO THE CALLING PROGRAM)
C IF ICALL = O THEN MODE IS UNDEFINED!
C ISMODE SPECIFY MODE OF LPA11 SWEEP

C
C
C NOTES: FOR MODES 5 - 8 (DIGITAL I1O)p NCHAN MUST BE 1.
C CHANNEL NUMBERING ALWAYS STARTS WITH 0a
C IN MODE lo THE SAMPLE RATE OF THE LPA1I CLOCK

IS SETP AND THE SAME RATE IS USED ON ALL LPAUT FUNCTIONS.'
C DRATE MUST NOT EXCEED 80 KHZ. HOWEVER# THE LPAI1 USER'S'
C MANUAL SPECIFIES FlAXIMUM AGGREGRATE THROUGHPUT FOR MULiTXR'it.

C ACTIVITIES AT 15 KHZ FOR ALL OPERATIONS COMBINED. (PARA 2
C
C WARNINGS: WE SPECIFYING ISMODE = 512 IN THE DIGITAL INPUT MODE.
C ONLY ONE CHANNEL OF DIGITAL 1/0 CAN BE USED AT A TIME.

C OTHERWISE. THE PROGRAM WILL HANG WAITING FOR THE INPUT
C FLAG TO BE SET BY THE LPA11. WHEN USING ONLY ONE
C CHANNEL OF DIGITAL 1/0. THE ISMODE = 512 WILL WORK
C PROPERLY. IF ISMODE z 0 IS SPECIFIED FOR BOTH DIGI.-- -
C INPUT CHANNELS. THEN TWO CHANNELS MAY BE USED AT THC
C SAME TIME.
C
C WHEN USING AID OR DIA MODE. YOU MUST SPECIFY AN ISMODE
C OF 64 IN ORDER TO USE THE MULTIREQUEST MICROCODE WHICH
C IS LOADED BY THIS ROUTINE.
C
C
C 1. IN THE CASE OF DIGITAL OUTPUT. THE MODE OF THE LPAll IN
C RUNNING THE DRI1-K IS TO START OUTPUT IMMEDIATELY (THE MODE SPEICIFED
C IN THE CALL SHOULD BE ISMODE = 0.)
C
C 2. IN THE CASE OF DIGITAL INPUT. THE MODE OF THE LPAII IN
C RUNNING THE DR11-K IS TO START INPUT ON EXTERNAL TRIGGER (THE MODE
C SPECIFIED IN THE CALL SHOULD BE ISMODE = 512). THE "EXTERNAL"
C TRIGGER IS ACTUALLY THE DR11-K "EXTERNAL DATA READY" LINE FOR THE
C EXTERNAL DEVICE. (SEE DR11-K TIMING DIAGRAM ON PAGE 4-7 OF THE
C DRII-K INTERFACE USER'S GUTIE AND MAINTENANCE MANUAL.)
C IN THIS MODE. INTERRU.T WILL OCCURR ONLY AFTER THE EXTERNAL DEVICE .- -

C CYCLES THE "EXTERNAL DATA READY" LINE.
C
C 3. NOTE THAT THE CONFIGURATION OF THE DR11-K JUMPERS IS VERY

C INPORTANT TO PROPER OPERATION OF THE DRI1-K. IN PARTICULAR. ALL
C SI AND S2 SWITCHES SHOULD BE OFF TO DISABLE INTERRUPT BY TRANSITION
C OF THE DATA BITS (SEE TABLE 5-3). IN ADDITION. JUMPERS WS - W20 -'-
C MUST BE IN POSITION "B" IN ORDER TO READ DATA DIRECT FROM THE DATA

C INPUT LINES (AS OPPOSED TO THE BUFFER REGISTER INPUT). THIS IS TY..
C DUE TO THE FACT THAT IN "BUFFER REGISTER" MODE. THE INDIVIDUAL "' -
C DATA BITS IN THE BUFFER ARE SET ONLY ON TRANSITION OF THE DATA LINE

C (SEE PARAGRAPH 4-6 OF DRI1-K INTERFACE USER'S GUIDE). SINCE

.-9? -
5.~ .. ' -:

S - " - .-
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OC ALL SWITCHES ON Si AND 52 ARE OFF* THE STATE OF JUMPERS WI-144 IS A
C 0N CARE. JUMPERS W2I-W23 SHOULD BE SET FOR APPROPRIATE POLARITY
C Of THEf INTERNAL DATA ACCEPT AND INTERNAL. DATA READY LINES.
C
C 4s REN9ER THAT ON DIGITAL OUTPUT# THIS PROGRAM SPECIFIES AT
C LEAST A 150 MICROSECOND DELAY BEFORE OUTPUT OF THE FIRST DI6ITAL WORD -

C (SEE PAGE 2-14 OF THE LPAII USER'S GUIDE). THIS IS NECESSARY
C IN ORDER TO ALLOW TIME FOR THE LPAI1 TO RETRIEVE DATA FROM
C MEMORY.
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C PARARETER USAGE
c

_C MODE 1UNIT IFLAG ORATE ICHAN NCNAN NFRAME JOSUF AltA~~
C------------ ------ --- --- ---

C I x x vc
C 3 x X x X x x K
C 4 x x x x x x

Co a A K K K x

C 13 %xw
C 14 '
C 15
C C16
C 17
C Is
C
C ***** PRO6RAM DECLARATIONS **

C
C VARIABLE DEFINITION SECTION
C
C 1081fF DATA BUFFER AREA CINTEGER*2)
C XYBUF LPAIl CONTROL BLOCK (50 LONGWORDS)
C XYSTAT LPAl1 COMPLETION STATUS (FORM LPASIGTBUF CALL)
C tFLAG LPAl1 FLAG TO BE SET AT COMPLETION OF SWEEP
C KYXOSS 1/O STATUS BLOCK FOR LPAll (4 WORDS)
C DXIOSZ 1/0 STATUS BLOCK FOR DIGITAL I/O TO BUFFER I (CH A OR s)-l...*

C KYNSKB LPA1I SUBSYSTEM MASKS AND NUN BUFFER
C ISTAT LPAlI STATUS LONGWORD
C LSTAT LPA11 110 COMPLETION STATUS BYTE
C NBUF NUMBER OF SUFFERS TO BE FILLED CLONGWORD)
C
C WH4ERE "XY" IS AD FOR ANALOG-TO-DIGITAL
C DA FOR DIGITAL-TO-ANALOG
C DI FOR DIGITAL INPUT
C DO FOR DIGITAL OUTPUT
C
C VARIABLE TYPE SPECIFICATIONS
C

REAL LPASXRATE
INTEGER*4 SYSSCLREF

C
INTEGER*2 IO9UFCI)pADIOS9C4)fDAIOSBC4)
INTEGER*2 DI IOSAC4),DOIOSA(4)j'0110S5C4).DOIOSBC4)
INTEGER*4 ADMSKBC2)PDAMSKB(2)
tNTEGER*4 DIMSKAC2)POOMSKA(2),DIMSKB(2),DOMSKC8C2)
INTEGER*4 ISTAToBUFNUMoNSUFeIFLAG
BYTE IDSCPIEMCPLSTAT
INTEGER*2 IDSWPIEMW

C
C SET AREA FOR CONTRCL

INTEGER*4 ADBUF(SO)PDASUF(SO)
INTEGER*4 DIBUFA(50),DOBUFA(50)sDIBIUFB(50),DO8UFB(50)
EQUIVALENCE (ADIOSBC1 )PADBUF(1 )),(OAIOSS3(1).OALJFI?))
EQUIVALENCE (DIIOSA(I),DIBUFAC1) )s(DOIOSACI).OOBUfACI)k*,-.
EQUIVALENCE 0DIIOSB(1 PD BUFS (I )p CDOIOSB(l),OOBUf-9CI

C
C
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C S*,*, START Of PROGRAM ****.
C DITEINJE MODE
C
C LSTAT 0

60 TO (100o5O,300,400,500,600,700.800,50,50,5050
I 13001400.1SOO.1600ol7Oo1800)oODE

C EXECUTION STARTS HERE IF MODE IS UNDEFINED
SO ICALL a 0

ISTAT a-O .x
so TO 1950

C
c
C "** ODE a I *.
C LOAD LPAI1 SPECIFIED BY ZUNIT WITH MICROCODE FOR MULTIREQUEST MODE
C
100 CONTINUE

ICALL a 101
CALL LPASLOADMC (CIPUNIT,ISTATIERROR)
IF C.NOT. ISTAT) GO TO 1950

C
C USE XRATE ROUTINE TO CALCULATE RATE AND PRESET VALUES FOR CLOCK A
C
C RATES ARE SUPPLIEDIRETURNED BUT LPASXRATE REQUIRES INTERVALS

AINTRYL a 1./IRATE
ICALL * 102
ACTUAL - LPASXRATE (AINTRVLPIRATE.IPRSETO)
ARATE * 1./ACTUAL -- "

C SET CLOCK RATE TO SPECIFtEC SAMPLE RATE (DO NOT EXCEED ABOUT 80 KHZ)
C

, ]ICALL a 103
CALL LPASCLOCKA CIRATEPIPRSET#ISTATPIUNIT)
6O TO 1950

-St

- ----------.---.......--------



C ***** MODE a 3**e
C STAN? ANALOG-TO-DIGITAL INPUT SWEEP
C

-300 CONTINUE
C
C CLEAR AID EVENT FLAG

ICALL w 300
ISTAT aSYSSCLREF (XVAL(IFLA6))
IF (.NOT. ISTAT) GO TO 1950

C
C INITIALIZE AOBUF ARRAY FOR SWEEP
C

ICALL =301
CALL LPASSE1IBF CADBUFFISTATPADMSKBIOSUF)
IF (.NOT. ISTAT) GO TO 1950

C
C SET UP FOR LPAI1 SUBSYSTEM NUMBER
C

ICALL =302
CALL LPASLAMSKS (ADMSKBIUNIT)

C
C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)
C

ICALL = 303
CALL LPASRLSBUF (AD8DUFrISTATP0)
IF (.NOT. ISTAT) GO TO 1950

C
C START A/D SWEEP BY SPECIFYING ONLY ONE BUFFER
C

NPOINT a %FRAME * NCHAN
C SPECIFY ONLY ONE BUFFER TO BE FILLED

NOUF 1
C IN REV C OF THIS ROUTINEo ISMODE IS SPECIFIED IN THE CALLING PARAMETER-.-",
C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION

ICALL = 304
CALL LPASADSWP (ADBUFNPOINTNBUFISMODE.AVAL(IFLAG)., ICHAN,

I NCHANPISTAT)
IF (.NOT. ISTAT) GO TO 1950

C
C
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF AID SWEEP CALL

GO TO 1950
C

_________ ________ _____._._ _ ._._._ .__. _. . . . :. . : . _- -
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C ***** NODE 4 *****
C START DIGITAL-TO-ANALOG OUTPUT SWEEP
_C -. -

400 CONTINUE
C
C CLEAR DIA EVENT FLAG

ICALL * 400
ISTAT * SYSSCLREF (ZVAL(IFLAG))
IF (.NOT. ISTAT) GO TO 1950

L INITIALIZE DABUF ARRAY FOR SWEEP
C

ICALL a 401
CALL LPASSETIBF (DABUF.ISTAT.DARSKBIOBUF)
IF (.NOT. ISTAT) GO TO 1950

C
C SET UP FOR LPAI SUBSYSTEM NUMBER
C

ICALL 402
CALL LPASLAMSKS (DAMISKPBIUNIT)

C
C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

ICALL * 403
CALL LPASRLSBUF CDASUFPISTATO)
IF (*NOT. ISTAT) GO TO 1950

C
C CALCULATE NUMBER OF DATA POINTS

NPOINT a NFRAME * HCI4AN
C SPECIFY ONLY ONE BUFFER TO BE FILLED

NBUF * I
C IN REV C OF THIS ROUTINE. ISMODE IS SPECIFIED IN THE CALLING PARAMETERS
C IN D/A MODE# A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFORi
C THE FIRST CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS THE
C OF IRATE (SPECIFYING A CLOCK RATE). LDELAY (THE DELAY IN IRATE
C UNITS BEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPA11 USER*S GUIDE)
C IRATE a I FOR I MNZ; IRATE • 2 FOR 100 KHZ; IRATE = 3 FOR IKHZ; ETC.

LDELAY * 1
IF (IRATE.EQ.1) LDELAY a 150
IF CIRATE.EQ.2) LDELAY a 15
IF (IRATE.EQ.3) LDELAY x 2

C SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
tOWELL a I

C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION

ICALL a 404
CALL LPASDASWP (DABUF.NPOINTNBUF.ISMODEIDWELL,XVAL(IFLAG)"

1 LDELAY.ICHANpNCHANpISTAT)
IF (.NOT. ISTAT) GO TO 1950

C
C
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIA SWEEP CALL

GO TO 1950
°.'.%

* .- :~ .':-~ -,-' - -s - -% . -',-
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C ***** MODE : 5 *****
C START DIGITAL INPUT SWEEP FOR "CHANNEL A"

500 CONTINUE
C
C CLEAR DIGITAL INPUT EVENT FLAG

ICALL m 500
ISTAT 2 SYSSCLREF (%VAL(IFLAG))

IF (.NOT. ISTAT) GO TO 1950

C
C CHECK THAT NCHAN IS EQUAL TO ONE

ISTAT = 0

ICALL = 501
IF (NCHAN.NE.1) GO TO 1950
ISTAT = 1

C
C INITIALIZE DIBUFA ARRAY FOR SWEEP

ICALL = 502
CALL LPASSETIBF (DIBUFAISTATPDIMSKAIOSUF)

IF (.NOT. ISTAT) GO TO 1950- C

C SET UP FOR LPAll SUBSYSTEM NUMBER

C
C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (I/O GUIDE PAGE 5-22)

" IDSC = 0
C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL 0

IEMC = 0
C SPECIFY DIGITAL START WORD MASK OF ALL BITS

IDSW = -1

C SPCEIFY EVENT MARK WORD MASK OF ALL BITS
IEMW -1
ICALL 503

A- -CALL LPASLAMSKS (oImSKAsIUNITPIDSCIEMCIDSWIEMW,)

C
C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

C
ICALL = 504
CALL LPASRLSBUF (DIBUFAPISTATPO)
IF (.NOT. ISTAT) GO TO 1950

C
C START DIGITAL INPUT SWEEP BY SPECIFYING ONLY ONE BUFFER

C
C FOR THIS MODE, THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES

NPOINT = NFRAME

C SPECIFY ONLY ONE BUFFER TO BE FILLED

NBUF 1
C IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETER " -'.

C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION

ICALL = 505
CALL LPASDISWP (DIBUFANPOINTN9UFISMODEP,,VAL(IFLAG),,

I ICHANNCHANISTAT)

IF (.NOT. ISTAT) GO TO 1950

C
C
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL INPUT S.--:-. C

GO TO 1950

>...il
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C ***** NODE - 6 ***
C START DIGITAL OUTPUT SWEEP FOR "CNANNEL A"
C
600 CONTINUE

C CLEAR DIGITAL OUTPUT EVENT FLAG

ICALL a 600
ISTAT a SYSSCLREF (IVALCIFLAG))
IF (.NOT. tSTAT) GO TO 1950

C CHECK THAT NCHAN IS EQUAL TO ONE
ISTAT 0 "
ICALL a 601
IF (NCHAN.NE.1) 60 TO 1950
ISTAT a1

C -
C INITIALIZE DOBUFA ARRAY FOR SWEEP
C

ICALL a 602
CALL LPASSETIBF (DO8UFAPISTATeDOMSKAPIOBUF)

IF (.NOT. ISTAT) GO TO 1950
C
C SET UP FOR LPAI1 SUBSYSTEM NUMBER
C

*C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (110 GUIDE PAGE 5-22)
IOSC =

C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL 0
IENC a 0

* C SPECIFY DIGITAL START WORD MASK OF ALL SITS
IDSH z -1

C SPCEIFY EVENT %ARK WORD MASK OF ALL BITS

IEMW1
ICALL a603 ""
CALL LPASLANSKS (DOMSKAoIUNIT,.IDSCIEMCIDSWIEMW,) -

C
C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)
C

ICALL * 604
CALL LPASRLSBUF (DOBUFAPISTATPO)
IF (.NOT. ISTAT) GO TO 1950

C
C FOR THIS NODE# THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES

NPOINT a NFRAME
C SPECIFY ONLY ONE BUFFER TO BE FILLED

NBUF a I
C IN REV C OF THIS ROUTINEP ISMODE IS SPECIFIED IN THE CALLING PARAMETERSiC
C IN DO MODE, A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFORE
C THE FIRST CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS THE
C OF IRATE (SPECIFYING A CLOCK RATE)p LDELAY (THE DELAY IN IRATE
C UNITS BEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPA1I USER*S GUIDE)
C IRATE I FOR I MHZ$ IRATE 2 FOR 100 KHZ; IRATE :3 FOR ICKRZ; ETC.

LDELAY a1
CIF IRATE.EQ.I) LDELAT a 150

- IF CIRATE.EQ.2) LDELAY a 15
IF (IRATE.EQ.3) LDELAY a 2

- C SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
tDWELL x 1I

C PROCEED WITH SWEEP START CALL

iA. . .,.. .:* - -:: .. ,. .= .. .-.- .. ,*-,-.,- ... * - .. . . . i- : . . -- .- ,:.
. . . . ... .. .. .. .. .- . . .. . .. .. , . .. .... .. . . .. .. .. . i? , . .. .... .. iV

• -" " . ' " " . '' -.- . .-- ,.-.,. - . .i
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C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION
ICALL = 605
CALL LPASDOSWP (DO9UFANPOINTNUFISNODEIDWELL,#ZyAL(FLAG'.-

- I LDELAYPICHANPNCI4AN*ISTAT)
IF C.NOT. ISTAT) GO TO 1950

C
C RETURN TO CALLING PROGRAM .. ISTAT IS STATUS OF DIGITAL OUTPUT SWEEP fI-.-.

GO TO 1950
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C***** MODE 7 7 ****
C START DIGITAL INPUT SWEEP FOR "CHANNEL 8"

C
C CLEAR DIGITAL INPUT EVENT FLAG

ICALL a 700
ISTAT - SYSSCLREF CXVAL(IFLAG))
IF (.NOT. ISTAT) GO TO 1950

C CHECK THAT NCNAN IS EQUAL TO ONE
ISTAT a 0
ICALL a701
IF (NCHAN.NE.1) SO TO 1950
ISTAT a I

C u
C INITIALIZE DIBUFS ARRAY FOR SWEEP

C
ICALL a 702
CALL LPASSETIBF (DIBUF9,ISTAT.DIMSK8.IO8UF)
IF (.NOT. ISTAT) GO TO 1950

C
C SET UP FOR LPAI SUBSYSTEM NUMBER
C
C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (110 GUIDE PAGE 5-22)

IDSC a 0
C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL 0

IEMCO
C SPECIFY DIGITAL START WORD MASK OF ALL PITS

IDSM -
C SPCEIFY EVENT MARK WORD MASK OF ALL SITS

IEMW a-"
ICALL 703
CALL LPASLAMSKS (DIMSKBIUNIT,,IDSCIEMCIDSWPIEMW)

cC RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMRES)02

C
ICALL a 704
CALL LPASRLSBUF (DIBUFBSISTATPO)
IF (.NOT. ISTAT) GO TO 1950

C START DIGITAL INPUT SWEEP BY SPECIFYING ONLY ONE BUFFER
C -
C FOR THIS MODE, THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES

NPOINT a NFRAME
C SPECIFY ONLY ONE BUFFER TO BE FILLED

NBUF a 1
C IN REV C OF THIS ROUTINEP ISMODE IS SPECIFIED IN THE CALLING PARAMETERS

C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SET AT COPPLETION

ICALL a 705
CALL LPASDISWP (DIBUFBSNPOINTNBUFISMODE,,XVAL(IFLAG),"

1 ICHANNCHANISTAT)
IF C.NOT. ISTAT) GO TO 1950

C

C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL INPUT SWEEP CALl -""."

GO TO 1950

.- ,

' -* " " , " - * ' ' % 1 - ' ' _ , % ' . . • . , " , . " .' ' * * . " . * . * -- . " ' ' ' - . . ' ." "
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C ****e MODE 8 5 ****-
C START DIGITAL OUTPUT SWEEP FOR "CHANNEL B-
C

800 CONTINUE

C CLEAR DIGITAL OUTPUT EVENT FLAG -
ICALL z 800 ,"y
ISTAT a SYSSCLREF (XVAL(IFLAG))
IF (.NOT. ISTAT) GO TO 1950

C CHECK THAT NCHAN IS EQUAL TO ONE

ISTAT = 0
ICALL a 801

-. IF (NCHAN.NE.1) GO TO 1950
ISTAT a I

C
C INITIALIZE DOBUFb ARRAY FOR SWEEP
C

ICALL a 802
. CALL LPASSETIBF (DOBUFBISTATDOMSKBIOBUF)

IF (.NOT. ISTAT) GO TO 1950
C
C SET UP FOR LPA11 SUBSYSTEM NUMBER
C
C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (110 GUIDE PAGE 5-22)

IDSC v 0
C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL 0

IEMC a 0
C SPECIFY DIGITAL START WORD MASK OF ALL BITS

IDSW - -1
C SPCEIFY EVENT MARK WORD MASK OF ALL BITS

IEMW -1
ICALL " 803
CALL LPASLAMSKS (DOMSKBIUNIT,,IDSCIEMCIDSWIEMW.)

C
. C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

C
ICALL a 804
CALL LPASRLSBUF (DOBUFBSISTAT.O)
IF (.NOT. ISTAT) GO TO 1950

C
C FOR THIS MODE. THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES

NPOINT x NFRAME
C SPECIFY ONLY ONE BUFFER TO BE FILLED

NBUF = 1
C IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETER.--
C
C IN DO MODE, A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFO .c-
C THE FIRST CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS-T.-%:.-:
C OF IRATE (SPECIFYING A CLOCK RATE), LDELAY (THE DELAY IN IRATE
C UNITS BEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPA11 USER'S GUIDE)r.---
C IRATE a 1 FOR 1 MHZ; IRATE = 2 FOR 100 KHZ; IRATE 3 3 FOR l0KHZ; ETC. --

LDELAY z 1
IF (IRATE.EQ°I) LDELAY = 150

* IF (INATE.EQ.2) LOELAY =15
IF (IRATE.EQ.3) LDELAY = 2

C SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
IDWELL 1
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C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION

ICALL 8 SOS
CALL LPASSOSWP CSOSUFBNPOINTNSUF.ISMqODEIDWELLoXVALCIFLA6),

I LOELAV.ICHANPNCHANPISTAT)
IF (aNOTo ISTAT) GO TO 1950

C
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL OUTPUT SWEEP CAL

GO TO 1950
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C ***** MODE 13 ****
C GET STATUS OF AID SWEEP
C
1300 CONTINUE

ICALL a 1301

ISTAT s LPASIWTSUF(ADBUF)
LSTAT " IAND(ADIOSB(3),'FFOO*X)1256
GO TO 1950

C
C
C ***** NODE a 14 ****
C GET STATUS OF DIA SWEEP --

-e C
1400 CONTINUE

- C
ICALL = 1401
ISTAT = LPASIWTBUF(DASUF)
LSTAT a IAND(DAIOS8(3)oFFOO'X)I256 '

GO TO 1950
C
C
C ***** MODE a 15
C GET STATUS OF DIGITAL INPUT SWEEP FOR "CHANNEL A"

C
1500 CONTINUE

C
tCALL z 1501
ISTAT = LPASIWTBUF(DIBUFA)
LSTAT = IAND(DIIOSA(3),'FFOO'X)/Z56
GO TO 1950

C ***** MODE : 16 *****
C GET STATUS OF DIGITAL OUTPUT SWEEP FOR "CHANNEL A"

C
1600 CONTINUE

C
ICALL = 1601
ISTAT = LPASIWTBUF(DOBUFA)
LSTAT = IAND(DOIOSA(3),'FFOOIX)/256
GO TO 1950

C
- C ***** NODE = 17 *****

C GET STATUS OF DIGITAL INPUT SWEEP FOR "CHANNEL 8"
C

1700 CONTINUE

ICALL : 1701 .

ISTAT = LPASIWTBUF(DIBUFB) .
LSTAT zIANO(DIlOS9(3)p*FFOO'X)/256
GO TO 1950

C
C
C ***** MODE a 18 *****

C GET STATUS OF DIGITAL CUTPUT SWEEP FOR "CHANNEL 9"
C
1800 CONTINUE

C
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ICALL a 1801
ISTAT a LPASXIiTBUP(DOUFB)
LSTAT aIAND(DO3OSBC3)P*FFOX)/256

C4
C - *

C
C ***** ERROR SERVICE ROUTINE *'

1950 CONTINUE

C TRANSFER STATUS INFORMATION ON CALLING PARAMETER
c

RETURN

END s
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SUBROUTINE LVLH(C.COQ.REFDBXDBYDBZW9,JETDELTATM4AXWX, wx
* MAXWY.M1AXWZ*PICKPT)

C
C ATTEMPTS TO HOLD BODY AXES IN ALIGNM4ENT WITH LVLH AXES
C

INTEGER CCIZ)oCOC12)#SNAP,IoJoPICK
REAL QC4).REFC4).YAW.PITCI~vROLL.DBX.D8Y.DBZ
REAL W8(3),JETC4v1Z),DELTAT.MAXWX.MAXWY.M4AXWZ
REAL AN6(3)*T(3p3)PPIPSW1,WT
REAL FQ(4),FWB(3),FTC3,3),QT(3,r3).REFT(3,3)%
REAL CONSToQ()

C
PI=2.O*ACOSCO.O)

C
C WAS RHC JUST MOVED TO NEUTRAL ? IF SOP TAKE SNAPSHOT.
C REFM4 QUATERNION AT TIME OF SNAPSHOTS
C SNAP -FLAG TO TAKE SNAPSHOT OF QUATERNION.
C

SNAP=O
DO 150 I's7.r12

IF ((CO(I)-CCI)) .GT. 03) SNAP~l
1S0 CONTINUE
C

IF (SNAP .EQ. 1) THEN

REF (1)=Q(1)
REF (2 )=Q( 2)
REF(3)=Q(3)
REF (4) 20(4)

ENDIF
C
C COMPUTE FUTURE QUATERNION (NEXT ITERATION)
C FWS FUTURE BODY RATE
C FO FUTURE QUATERNION
C

ANG(1)O0.O
ANG(2)0O.O
ANGC3)m0.O

C
VQCI )=(1)
FQ(2)=0(2)
FQC3)=QC3)
F(4)=Q (4)

c FW3(1)=WB(1)
FWB(2)=WSC2)

- FWBC3)uWB(3)
C

CALL ROTATE(ANGPDELTATPFWSPFQPFT)
C
C COMPUTE TRANSFORM4ATION FROM REF FRAM4E TO C-W FRAME
C

CALL TRNSFMCREFTPREF)
C

VC COMPUTE TRANSFORMATION FROM FQ FRAME TO REF FRARE
C

DO 81 1=103
DO 82 j=1,3

QT(I,J)=REFT(1 ,I)*FT(1,J)*REFT(2,I)*FT(2,J)+
* REFT(3,I)*FT(3pJ)

82 CONTINUE
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61 $ CONTINUE

C COMPUTE @UATERNI@NS (FROM FO TO REF)

IF (04(4) .LT. .1E-30) 00C4)u.IE-30
00(4)s3ORT(@OC4))/2.O Zf

C NORMALIZE QUATERNIONS
-. C

CONST3SQRT(@0(1)*@@CI)*@OCZ)*QG(2)+

00(1 )sQOC1) ICONS?
OQ(Z)=40(Z) ICONST
00(3)=QQ(3) iCONS?
QQC4)mQQ(4) ICONS?

C
C COMPUTE ANGLE OF ROTATION BETWEEN FRAMES
C

%Ts2.0*ACOS(QQ(4))

C
C COMPUTE ANGULAR DIFFERENCE (OF FG WR.T. REF)
C

IF (NT .LT. .0000001) THEN
ROLLs0.0
PIIC~aoOO
YAW*O0

ELSE
ROLLwOO(1)*WTJSWT
PITCHaQC?) 'T/SW? j

IA- YA~s@0(3)*WTISIT

C
C DETERMINE THRUST PROFILE BY CHECKING ROLLP PITCH
C AND YAW ANGLES/RATES AGAINST ATTITUDE HOLD CRITERIA.
C

CALL CHECK(ROLLDSXWB(1).CC7)oC(8),JET(PICK,7),
* JETCPICKr8)pNAXWXpDELTAT)
CALL CMECKCPITCHDUYWSC2),C(9),C(1O),JETCPICK,9),

* JET(PICKP1O)PRAXWYPDELTAT)
CALL CHECKCYAVDBZW8C3).CCI1).CC12),JETCPICK,11),
*JfT(PICKo12)#MAXWzpDELTAT)

C
END
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SUIROUTINE MODE(SASSOSCLAPLSPLC)

C
C TAKES ONE COLUMN OF DAP PANEL MANUAL MODE AND

C FIGURES OUT WHAT LIGHTS TO TURN ONIOFF CLAPLSPLC)
C USING SWITCH COMMANDS (SASSSC)
C

INTEGER SASBPSCPLALBPLC
C

IF (SA .EQ. 1) THEN
LA"l
LB=O
LC3O

ENDIF
IF (SB .EQ. 1) THEN
LA=O
LB ml
LC=O

ENDIF
IF (SC .EQ. 1) THEN --

LAz=O

LC=I
ENDIF

c. END

.-..-.. '..

° o °.
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SUBROUTINE PREDPATHCMEGAPTIMEPOLDXPX)
C
C TH$IS SUBROUTINES PREDICTS POSITION WX RELATIVE TO
C TARGET GIVEN PRESENT POSITION AND SPEED (010K) AND
C FUTURE TINE (TINE)
C

REAL OMEGAoXC3)#OLDXC6)pTIMEvCWvSW
C
c

CWBCOS(ONEGA*TIPE)
SW=SIN(OME6A*TINE)

XCI)=OLDXCI )-2*0*OLDX(5)/OjqEGA
X(1)uX(1)-3.0.CLDX(4)42.OMfEGA*OLDX(2) )*TpfE
X(1)sX(1)4Z.O*C.3.0*OLDX(2)42.0*OLDX(4) IOMEGA)*SW
X(t)sXC1)*Z.O*OLDX(5)*CW/OMEGA

X(2)=4.O*OLDXC2)*2.O'OLDXC4) ioMEGA
X(2)sX(2)-CW*C3.O.CLDX(2).2.O*OLDXC4)/OMEGA)
XC2)=XCZ)+OLDXC5) aSWIOKEGA

C
X(3)sOLDX(6)*SWlOME6A*CLDX(3)*CW

C
C SCALE DOWN FOR H4UD DISPLAY
C CONVERT TO LH SYSTEM .

C
X(1)SX(MlI10.
X(2)=XC2)I100.
)(3)=-X(3)/100.

C
END*.
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SUBROUTINE PS300CALTD*INCLIN)
C
C THIS SUBROUTINE IS THE GRAPHICS PROGRAM FOR THE .. .

C SHUTTLE SIMULATOR. IT GENERATES A TARGET. ROTATING
C EARTH, HORIZON AND STAR FIELD FOR BACKGROUND.
C SUBROUTINE LOOK SENDS NEW DATA TO THIS PROGRAM IN
C THE PS300 TO UPDATE TARGET RANGE AND ATTITUDE AND
C EARTH/STAR ROTATIONS.

-. C
INCLUDE 'CALFANO]PROCONST.FQRINOLIST'

C
LOGICAL*1 POSLINCT3)
REAL ALTINCLINAT(3),FM(3),UP(3),DSTAR
REAL HORR,.HORTPHORDPLONGPANG,ALTD
REAL*4 V(3)
INTEGER IfNVEC
DIMENSION VECS(4p73)

C
DATA POSLIN/.FALSE..i72*.TRUE*/

C
C ATTACH GRAPHICS DEVICE AND INITIALIZE GRAPHICS
C

CALL PATTCHC'LOGDEVNAMPIAO:/PHYDEVTYP=PARALLELoERR)
CALL PINITCERR)

C
C V(3) - VECTOR ARRAY FOR PS300
C HORR - RADIUS OF EARTH HORIZON AS SEEN FROM TARGET (DU)
C HORD - DISTANCE OF HORIZON FROM EARTH CENTER CDU)
C HORT - DISTANCE OF HORIZON FROM TARGET CDU)
C DSTAR - DISTANCE OF STAR CLIPPING PLANE FROM TARGET CDU) ~
C
C COMPUTE EARTH HORIZON RADIUS (HORR),
C DISTANCE FROM EARTH CENTER (HORD),
C AND DISTANCE FROM TARGET TO HORIZON (MORT)
C

ALT=ABS CALTD/6378. 135)
HORD=1. 0/ Cl. +ALT)
HORR=SQRT(Cl.O-HORD*HORD)
H OR T= HORR/HORD

C
C UNITS VARY FROM METERS TO DUS DEPENDING ON WHAT IS
C BEING DISPLAYED. THIS UNIT JUGGLING IS DONE TO
C MINIMIZE SCALING ERRORS INHERENT IN THE PS300.
C
C INITIALIZE VECTORS FOR PS300 VIEWING
C V - DUMMY VECTOR
C AT,FM.UP VIEWING VECTORS
C

VC2)0O.O

VC 3)=0.0
AT(1 )=0.O

ATC3)0.O
FM(1 )=.O
FMC2)xO.O
FMC3)-20.O
UP(1 10.0

UP(2 )=l0.0

............ ..
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UP(3)uO.O

C

CALL PSEGSCvXYZVCpERR)
C UNITS ARE IN METERS

CALL PSEDCLQlCLIPlv.FALSE.p,"'pERR)
CALL PVXEWPC'"*,-1.O,1.O,-1.O,1.O,.O,.0.*",ERR)
CALL PFOVC'OV35.O,1.O,3OOO..l"%ERR)

-CALL PLOOKACLOOKIPATPFMUPP'wERR)
CALL PSCALE(*SCALEvVp'"%pERR)
CALL PSECOL(C".1SO.O,1.Os'XARROWPERR)

-CALL PSECOLC*"',16OO,1.Os'YARROWPERR)
aCALL PSECOLC,18PIO.O.OsZARROWdERR)
* CALL PENDS(ERR)

CIC COMPUTE PITCH AND FUTURE TRACK DATA FOR HUD
C

CALL PBEGSCXYPTHIPERR)
CALL PSEDCL(*CLIP'p.FALSE.pl"*ERR)
CALL PVIEWPC'"'s.3,1 .O,.3..Ol.0,1 .0O'"%ERR)
CALL PWINDOCOWNDW%11l.,11 .,-11.,11 .,0.,10.,u,'ERR)ICALL PLOOKA('LOOKpATpFMpUPp*"$pERR)
CALL PROTVC6ROTY'o180.r,ERR)
CALL PSECOLC'"'p3OO.Ov..Oi"6ERR)
CALL PTRANSC'TRNl'fVp'DIAPIONDpERR)
CALL PTRANS(gTRNIVVDIAMOND*%ERR)
CALL PTRANS(*TRN3*,Vo*DXAMOND.EgQR)
CALL PTRANSC*TRN4'oVpDIAMOND*,ERR)
CALL PTRANS('TRN5'pV,'DIAMONDvERR)
CALL PSECOL('"%16O.O.1.O,'XYAXISPERR)
CALL PTRANSCOSSTROVt"'oERR)
CALL PROTZC@ROTZ',0.,'"%ERR)
CALL PROTXQ'ROTX',90..'STICKSTS.*ERR)

CALL PENOSCERR)

C COMPUTE PIPPER DISPLAY DATA

CALL POESSCIGUNSITEOPERR)
CALL PSEOCLC*CLIP*,.FALSE.,'"%,ERR)
CALL PVIEWP('',1 I.O,1.O,1I.O,1.O,1.0,1.0,w",ERR)

CALL 'PWINDOOCWNW,1.,1 .,1 ~o.,.O.,10.,",ERR)
CALL PLOOKAC*LOOK%,AT*FMpUPr,"%ERR)
CALL PSECOLC'"',12O.O,1.O.'PIPPER'.ERR)

CALL PENDS(ERR)
C
C COMPUTE DISPLAY DATA FOR RANGE, RANGE RATED
C FUEL AND TIME.
C

CALL PBEGSClINFOOuERR)
CALL PSE0CLC'CLIP'p.FALSE.r9',ERR)

-. CALL PVIEWP(C'M ,-1.O,1.O,-1.O,1O.0,1.1 .O,"ERR)
CALL PWINDOC'WNDW ,O.i.80.,O.,80.,O.,l 00.,"'E RR)
CALL PLOOKAC*LOOK',ATfFMvUP,9'*,ERR)
CALL PSECHWC"P,ERR)
CALL PCHSCA(",1.,1.,'"ERR)
CALL PCNS(',o0.p79.p1.,1 .pO.,,RANGE (FT) 'PERR)
CALL PCMSC'"'#O.v??.p1.,1.pO.,'RANGE RATEPERR)
CALL PCNS( ,.p7S.,1.v1.,O.,' FUEL USED'PERR)
CALL (CS",.?.1,.0,rM SEC)',ERR)
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CALL PCHS(QRANGE%12.79....O.,' OOOOO0'JERR)
CALL PCHS( RRAE%1l2.,77.,1 ..1 .O.P' OOOOOOIPERR)

~~1 CALL PCHS('RFUEL',12.o75..1.l ..- O.P*OOOOO0',ERR)
A: ~CALL PCHS(*RTIMEP12.o,73.,1.,l .,o.,'OaOOO0*O'RR)

CALL PENDSCERR)

C

CALL PBEGS('TARGTO,ERR)

C UNITS ARE IN PETERSI CALL PSEDCL(4CLIP ,.FALSE.,",ERR)
CALL PV'IEWP(Q"#-l.OPl .O.-l.1.0,1o.0,1.0, '"*,ERR)
CALL PFOV('FOV'p3S.O,1 .O,3000.,'"j'ERR)
CALL PLOOKACLOOX',AToFMpUP. '"'ERR)
CALL PINST('"*,*SATEL',ERR)

CALL PENDSCERR)
C
C CREATE A TORS SATELLITE
C

CALL PBEGS(*SATEL'PERR)
VC1 -l .8
VC2)=O.O
VC3)0. 03 CALL PTRANSQ"',V'"l,ERR)

CALL PROTX C'ROTXvo0.O0, eERR)
V(1)=.2
V(2)=.2

- V(3)=.2
CALL PSCALE('",V,'"'oERR)
CALL PSECOL('" p3OQ.O~1 .O,*"',ERR)I - DO 150 I=10,360,10

LONG=I
CALL PROTX ('",LONGP *RTDRS', ERR)K150 CONTINUE

CALL PENDS(ERR)
C
C
C CREATE A SPINNING/INCLINED GLOBE OF THE EARTHP
C ADD A STAR FIELD AND SET THE ENTIRE PICTURE
C COUNTER-ROTATING W.R.T. TARGET ORBIT.
C ADD A STATIONARY HORIZON
C

CALL PBEGS('GLO8EOPERR)
C UNITS ARE IN DU

CALL PSEDCL(*CLIP~p.TRUE.,*"%ERR)
CALL VdP''-Ql.-.O.C.O.O' R)
CALL PFOV C'"',35.0p, * ALT,

* HORT*.01, " ',ERR)
L CALL PLOOKA('LOOK'.AToFMUP,"',ERR)

V (1 )=0.O0

V(3)=O.O
CALL PTRANS("' V, '"' ERR)
CALL PINST('" ,'HORIZON' ,ERR)
CALL PR0TZ( 'TROTO0.O,'"',ERR)
CALL PSECCL('"'r240.,1.1,"',rERR)
CALL PROTX('"',90.-INCLINo*"',ERR)
CALL PROTY(' EROT',0.O,"'oERR)
CALL PINST( '"*,'WORLD'ERR)
CALL PSICCL("',240.,O.0p'"' ,ERR)
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CALL PINSTCO'ooSPERE'PERR)
CALL PINSTC***PLALINE*PERR)

CALL PENDSCERN)
C
C CREATE A HORIZON FROM A CIRCLE
C

CALL PBE6SCNHORIZON.pERR)--.
C UNITS ARE IN 01U

V(2)=N14 ft
VC3)=O.O

CALL PTRANSC'"'py.6 *,ERR)
'ICALL PROTX(*N.90.pIUERR)

V(l)m40RR
V(2)=V(1)

-~ VC3)=V(1)
CALL PSCALE(*"*VP'CIRCLE*PERR)

CALL PENDS(ERR)
C
C CREATE A STAR FIELD
C

CALL PBE6S(*STARsOPERR)
C UNITS ARE IN DU

CALL PSEDCL(*CLIP'v.TRUE.,'"*ERR)
- CALL PVXEUPC'',o-1.0,1.0,-1.0,1.OP..0. .0",PERR)

DSTAR=I4ORT*.9*SQRT(C C.*ALT*1 *) **2-1.)
CALL PFOVCe"%35.O,1.pSTAa.DSTAR,'" PERR)

~*1CALL PLOOKAC'LO0K.PATPFPMUp,'*oER)
V Cl)w.0
VC2)=-1 .-ALT
VC3)=O.O

CALL PTRANSC'"opVp86 ',ERR)
* CALL PROTZ(ITROT'P..0,"',ERR)

CALL PSECOLCU,1f80.a,0.p,@IERR)
CALL PRTC"P0pSAR.WNL*ER
CALL PROTX(WU.r90.,WSTARS.TWINKLEOERR)

VCI )z1.+2.*ALT

VC3)zVC1)
CALL PSCALECITWINKLE'PVP'STAR'oERR)

CALL PENDSCERR)
C
C BUILD A SPHERE FROM A CIRCLE
C

CALL PBEGSCOSPHERE'PERR)
DO 200 1=10,080,10

LONt3I
CALL PROTY(*',LNGP'CIRCLE*.ERR)

*200 CONTINUE
CALL PENDSCERR)

C
C
C BUILD A WEPI-SPHERE FROM A SEMI-CIRCLE
C

CALL POEGS('HEPIOPERR)
DO 222 1215P160,15
LONGz!
CALL PROTYC'"'pLONGfSEMI*pERR)

222 CONTINUE
CALL PENDS(ERR)

6"4
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C
C
C COMPUTE LINES OF LATITUDE USING CIRCLES
C

CALL PSEGS(OLATLINEOPERR)
CALL PROTX('W',9O.0pCIRCLEoERR)
CALL PROTX(*"*,9C.O,ILAT',ERR)
CALL PROTXC'"'-90.0,qLAT*%ERR)

CALL PENDSCERR)
- C

CALL PBEGS('LAT'.ERR)
- DO 20 1=10,80.10

ANG=1*. 01 74532925
VC1 )=O.0
V C2) =0.0
V(3)=S1N(ANG)-SINCANG-.174532925)

CALL PTRANS('"',V,'',,ERR)
V( )=COS(ANG)
V(2)=V(1)
V(3)m0.O

CALL PSCALEC'"',VGCIRCLE*,ERR)
.. 20 CONTINUE

CALL PENDS(ERR)
C
C
C VECTOR LIST FOR CIRCLE
C

Do 10 101,73
ANG=5.0*C I-I) *.01 74532925

- VECSC1I)=COS(ANG)
VECS CZI)=SINCANG)
VECS(3rI)=O.O
VECS(4,I)=1.0

-10 CONTINUE
C

NVEC=73
CALL PVCBEG(' CIRCLE' ,NVEC..TRUE.,.FALSE.,3.PVITEMERR)

CALL PVCLISCNVECoVECS,POSLIN.ERR)
CALL PVCEND(ERR)

C
C
C VECTOR LIST FOR SEMI-CIRCLE
C

DO 12 1=1,13
ANG=(-90.0415.0*(I-1))*.0174532925
VECS(1.I)=SIN(ANG)
VECS(2ol)=COSCANG)
VECs(3pI)=O.C
VECS (4.1) =1.0

12 CONTINUE
C

NVEC=13
CALL PVCBEG( 'SEMI ,NVEC,.TRUE.,. FALSE. ,3,PVITEMERR)

CALL PVCL IS(NVECPVECS,POSLINERR)
CALL pVCEND(ERR)

C
C COMMANDS FOR HUD ROTATION
C
C SEND LABEL TO DIAL AND DECLARE ROTATE FUNCTION
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C
CALL PSNST(' HUD *PWLASELI'PERR)
CALL PFNC'HUD'r'YROTATEpERR)

C
C CONNECT INPUTS TO ACCUMNULATOR
C

CALL PFN(ACClop'ACCUMULATEOPERR)
C

CALL PCONNClDIALS'plolp'ACC1.pERR)
CALL PSNREAC18O.o.ZiACC1,'ERR)
CALL PSNREAC1.#3o*ACCI'PERR)
CALL PSNREA(-15.r4o*ACCI'PERR)
CALL PSNREAC36O.#5o*ACC1%PERR)
CALL PSNQEACO.p6p'ACC1'*ERR)

C
C CONNECT ACCUMULATOR OUTPUT TO ROTATE FUNCTION
C AND THEN TO PRCGRA4.
C

CALL PCONNC'ACCl'p1,1,'HUDgpERR)
CALL PCONN('IUD%1v1.pXYPTH.ROTY',ERR)

C
C CALL NEEDED VECTOR LISTS
C

CALL VECTOR C'DIAMON4D$P7) !
CALL VECTOR (ORTDRSOP5)
CALL VECTOR (*STICKSTS*#8)
CALL VECTOR C'XYAXISf6)
CALL VECTOR ('XARROWIP6)
CALL VECTOR C#YARROWOP6)
CALL VECTOR C'ZARROWOP6)
CALL VECTOR (OPIPPEROP6)
CALL VECTOR C*WORLDO#5)
CALL VECTOR (OSTAROP4)

C
C
C DISPLAY ALL
C

CALL POISP(OXYPTHOPERR)
CALL PDISPC6GUNSITE*PERR)
CALL PDISPC'TARGT.#ERR)
CALL PDISPC9GLOBE',ERR)
CALL PDISP(ISTARSOPERR)
CALL PDISP('!NFO'PERR)
CALL POISPVIXYZVCPERR)

C
*C DETACH GRAPHICS DEVICE

C
CALL PDTACHCERR)

C-
END
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SUBROUTINE PULSECCCUNTICOUNT2oCloC2oDELo JETlvJET2)
C
C DETERMINES NOW MANY PULSES ARE NEEDED FOR THRUST COMMAND.
C (COUNTIPCOUNTZ). RESETS CONTROL SWITCHES (CeC2) TO
C EXECUTE PROPER NUMBER OF PULSES REGARDLESS OF THC/RHC

C POSITION. -."
C

INTEGER COUNTlrCOUNT2pCloC2
REAL JETIJET2pDEL

- C

COUNT DOWN ONE PULSE
c

COUNTl:COUNT1-1
COUNT2vCOUNT2-1

C
C IF JETI OR JET2 IS ZERO, EXIT SUBROUTINE
C

IF (ABS(JET1) .LE. .00000001) GOTO 150
IF (ABS(JET2) .LEo .OOOOOOCI) GOTO 150

C
i C SET COUNTERS IF NOT PULSING FROM PREVIOUS COMMAND.
* C

C DEL - DESIRED VELOCITY INCREMENT
C JETI2 - VELOCITY INCREMENT GAINED BY ONE PULSE

C
IF (COUNTI .LT. 1) COUNTI=ABS(INT(CI*DEL/JETI))

* IF (COUNT? .LT. 1) COUNT?*ABS(INT(C2*DEL/JET2))
C
C SET CONTROL SWITCHES BASED ON COUNTERS
C

IF (COUNTI .6T. 0) C11.
IF (COUNT2 .GT. 0) C2=1

C
150 END

S7-.--

.? .. %

C' °*°%

A%"'o ~

.9. .
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SUBROUTINE QDOT(QWX.WYWZ,DELTAT)

C FIGURES QUATERNION RATE CQD) AND LINEARLY INTEGRATES
C FOR TIME STEP DELTAT. .;*.*
c .L.

REAL Q(4),QDC4)oWX.WY,WZ,DELTAT,CONST
INTEGER J

OD(1)3C0C2)*wz0C(3)*WY*QC4)*WX)*.5
QOC2)-(-QC1 )*,ZQC3)*WXQ(4)*WY)*.5
QDC3)=CQ(l)*WY-QC2)*WX4QC4)*WZ)*.5
QD(4)=(-QC1 )*WX-QC2)*WY-(3)*WiZ)*.5

- C

DO 100 Jul,4
G(J)sQ(J)+DELTAT*QDCJ)

10~3 CONTINUE
C
C NORMALIZE QUATERNIONS
C

CONSTS2RTQC)*Q(1)Q2)*(2).QC3)*Q(3)*QC4)*QC4))
QCI)=QC1)ICONST
Q ( 2) =(I (2) I C ON ST

* QC3)=QC3)ICONST
QCJ')=Q4)/CONST

C
END
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SUBROUTINE ROTATECANGDELTATWB,,QT)
C
C LINEARLY INTEGRATES TO FIND ROTATION IN BODY FRAME, THEN
C TRANSFORMS TO REFERENCE FRAME.
C

REAL ANG(3)pW9(3)vDELTATQ(4)vT(3*3)

-~ C
C COMPUTE BODY RATES (WB)
C CANG IS ANGULAR ACCELERATION)

WB(1)=W8(1 )DELTAT*ANG(1)
WV(2)zW8C2) DELTAT*ANG(2)
WB(3)sS(3) DELTAT*ANG (3)

c
C FIND QUATERNION RATE AND INTEGRATE
C

CALL QDOT(QWB(I)oW(2)oW(3).DELTAT)
C
C COMPUTE ROTATION MATRIX
C

CALL TRNSFP(TQ)
C

END

I--

.2'I'
S - .- r

4.-.J2.

rI.,' '

I ""
4 , -



SU9ROUTINE RTOBCTPREPOD)

C TRANSFORMS FROMN REF TO 800 FRA14E GIVEN TRAN4SFORMATICN OATRIX T.

- ~REAL T(3.3)REM()PBOD(3)

300C1)=REF(1) *TC1,1) 4REFCZ) T2,1) *REF (3) *T( 3,1)
80D(2)xQEFCI)*TC1,r2)+REF(2)eTC2,p2)*REF(3)*TC3,-2)
90D(3)zREFC1)*TC1,3) +REF(2) .T(2,3)+REF (3)*T(3,3)

C
END



SUBROUTINE SWITCH(SPL) E8

C CONTROLS LIGHT PANEL FOR DAP BUTTONS

C

C S - SWITCH POSITION C1=TRIPPEDO=UNTRIPPED)
C L - LIGHT (lzONp0OOFF)
C FILLER - EMPTY VARIABLE TO BE USED AS FILLER WHEN CALLING MOVE
C

* CCHECK SELECTION MODE

IF (SCI) .EQ. 1) LC1)z1
IF (S~i) .EQ. 1) L(2)=O
IF (S(2) .EQ. 1) L(1)=0
IF (S(2) .EQ. 1) LC2)zl

C
C CHECK AUTOPILOT MOVE
C

IF (S(3) .EQ. 1) L(3)1l
IF (S(3) .EQ. 1) LC4)0O
IF (s(4 .Ea. 1) L(3)=0
IF (S(4) .EQ. 1) LC4)=1

C
-C CHECK THRUSTER MODE

C
If (S(S) .EQ, 1) LC5)zl
IF (S(5) .EQ. 1) L(6)=O
IF (SC6) .EQ. 1) LC5)=O
IF (S(6) .EQ. 1) LC6)zl

- C

C CHECK X,YoZ TRANSLATION MODES
C
C CHECK LOW Z MODE:
C

IF (S(17) .EQ. 1) THEN
L(17)=i
L(18)=O
L( 21) 0
L(24):O

END! F
C

CALL MODE(S(16),S(19),S(22) .L(16) ,L(19).LC22))
CALL MODE(OS(20),S(23),FILLERL(2O),L(23))
CALL MODE(S(18),S(21),PS(24),LC18)i-L(21 ),L(?4))

C
IF ((L(18)*L(21)+L(24)) S3T. 0) L(17V0O

C A

4 -C CHANGE THRUSTER MODE Ic HIILO Z SELECTED
C

IF ((L(17)+L(18)) .GT. 0) TH4EN
L(5)21
L(6)20

ENDIF
C
C CHECK ROTATION MODES
C

CALL MOD!(S(7),S(10).S(13),L(7),L(IO),L(I 3))
CALL qIOoE(S(8),SC1I),S(14),L(8),L(11 ),L(14))
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CALL MOOE(SC9),SC12),SC1S),LC9).LC12),L(1 5))

END

Iz
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SUBROUTINE THRUST(JETSELA.ANGGAS.CuPICKTASLE)
C
C TAKES JElSEL MATRIX AND SUPS ROWS AS COMMANDED BY Co

-C A - ACCEL XvYPZ CFPSZ.IODT FRAME)
C AUG - ANGULAR ACCEL X.Y.Z (RAOIS2PSODY FRAME)
C GAS - FUEL TAKEN FROM THREE TANKS
C (1-FORWARD, 2-RIGHT AFT, 3-LEFT AFT)

REAL JETSEL C44o9)oA(3)ANGC3)PGAS (3)

INTEGER IJCC1)pICKSELECT(44)ROWTABLEC4,1Z,9) A

DETERM4INE WHAT THRUSTERS HAVE BEEN COMMANDED TO FIRE
C

0O 145 1:1,44
SfLECTCI)uO

145 CONTINUE
C

DO 175 1=1012
IF (CM? .GT. 0) THEN

DO 185 J=l.,
NOWsTABLE(PICKoXJ)
IF (ROW .GT. 0) SELECTCROW)1l

185 CONTINUE

175 CON4TINUE
C
C SUM COMMANDED ROWS OF JETSEL
C

DO 95 ls1,3
A(I)=O.O
ANGI)mO.O
GASI)=O.0 -

95 CONTINUE
C

DO 200 Im1,44
IF (SELECTCI) .GT. 0) THEN

A~i )mAC )+J ETSEL(Is1l)
A(2)=A(2)+JETSEL(Iv2)
AC3)=A(3)+JETSEL(Iv3)
ANG(l)mAG(1 )*JEISEL(IP4)
ANGCZ)zANGC2)*JETSfLCIfS)
ANGC3)=ANGC3)+JETSEL( 1,6)
GAS(1)*GASC1)*JETSELCIp7)
GASC2)=GASC2),JETSELCI,8)
GASC3)x&ASC3),JETSELCZ,9)

ENDIF
ZOO CONTINUE
C 9

END
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SUBROUTINE TRNSFACTPQ)

C COMPUTES TRANSFORMATION MATRIX CT) FROM 2UATERNIONS (0)

REAL T(3.-3).#04)

C

T(1,2)sQC)*(QC1)Q)*QCZ)-3aQ(3)*Q C~*(4)

TCI3)2)a.O(QC2)*QC3)+QC1 )*Q(4))
T(1,.3)=2.0*CQCI)*QC3),Q(1)*QC4))

C
END
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* SUBROUTINE Ut4ITIZECV)

- REALZE VC3 VECTOR
C

IF (ABS(VCI)) .LT. 1E-10) VC1)s.1E-1O
IF CADS(V(2)) .LT. 1E-10) VCZ)=.IE-1O
IF (ABSCVC3)) .LT. l1e-10) VC3)*.IE-10
MA6VaSQRTCV(1).VC1 )+VCZ)*VCZ)+VC3)*V(3))
V(1)=V(1)IRAGV
V(2)=V(Z)/IRAGV -

V(3)=VC3)/MRAGV
t

E ID
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SUBROUTINE VECTOR CNAREPLENGTH)
C
C THIS SUBROUTINE READS A VECTOR LIST FROM4 VAX
C FILE AND PUTS IT IN USABLE FORM FOR THE PS300
C

INCLUDE 'CALFANOJPROCONST.FOR/NOLIST'

XNTEGER*4 IPOSP LENGTHP CLASS
REAL*. POINTS (4r2000)
LOGICAL*1 POSLIN (2000)o PLP V L
CHARACTER NAME*8o FILENAME*26

FILENAM4E'CALFANO.DATAJO//NAME(:LENGT4)// .DATO
OPEN CUNITz1. NAME= FILENAME PTYPEAgOLD$ PREADONLY)
READ lo1 910) VLPIPOS

910 FORMAT ( A1ITC)
IF ((VL.EQ.'Cl) .OR. (VL.Eg.*C)) THEN
CLASS=O

ELSE IF CCVL.EQ.'D') .OR. (VL .EQ.ID')) THEN
CLASS1l

ELSE IF (CV.EQ.I'1) .OR. (VL .EO.0!)) THEN
CLASS:Z

ELSE IF (CVL.EQ.'S') OCR. CVL .EQ.IS)) THEN
CLASS=3

END! F
DO 3410 11,PIPOS
READ ( lr 911) PL#,(POXNTS(K#,!),-Kl.3)

911 FORMAT ( Alp 3F12.3)
POINTS C4rl)=1 -

POSLIN(I)=.FALSE.
IF (CPL.EQ.'Lg) :OR.( PL.E.L)) POSLrkc.)=.TRUE.

34.10 CONTINUE
CALL PVCBEG (NAMEC :LEPGTH).IPOS,. FALSE.,. FALSE.,3,CLASSERR)
CALL PVCLIS (IPOSPPOINTSPPOSLINPERR)

CALL PVCEND (ERR)
CLOSE (UNIT=1)
END
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SUBROUTINE WIN0OW(TpTWvX1,XZ.XI.TARG)

C THIS SUBROUTINE COPPUTES THE TRANSFORMATION MATRIX
C FROM REF TO WINDOW CTW) USING THE MATRIX FROM SOD
C TO REF (T). WINDOW IS ASSUMED TO HAVE -X,-Z BODY
C COMPONENTS. POSITION OF TARGET FROM WINDOW CTARG)
C IS COMPUTED KNOWING POSITION OF SHUTTLE FROM TARGET -

C (Xl*XZ.X3).
C WINDOW AXIS DEFINED AS FOLLOWS:
C TARGCI) - INTO SCREEN

L TARG(2) - LEFT
C TARG(3 - UP

C
REAL TC3o3)PTW(3,3)jX1,X2,X3,TARG(3)PC

C
C=SQRT (0.5)

C
C COMPUTE TRANSFORMATION MATRIX
C

TW (1,1)=-C* CT (11) +T Cl 3) )
TW(lo2)=-C*(TC2pl)+TCZ,3))
TWC1 ,3)m-C* CT(3,1)+TC3p3))
TWCZ,1)=T(1#2)
TWCZ,2)=T(2,2)

* - TW(2o3)xT(3,r2)
TW(3ol )vC*CTCIpl)-T(lp3))
TW(3r2)=C*(TCZol )-T(2,r3))
TWCS,.3)=C*CT(3al )-TC3o3))

C COMPUTE TARGET VECTOR
C

TARSC1 )g-CXl*TW(1,l),X2*TW(l,2)*X3*TW(l.,3))
TARG(2)z-CXl*TW(2,l)+X2*Tli(2,2)+X3*TW(2.3))
TARGC3)z-CXl*TWC3,l )+X2*TW~(32),X3*TW(3.3))

C
END
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